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(Ideally suited for a wide variety 
of high temperature processing 
in a neutral, oxidizing or reducing 
atmosphere. The entire 
assembly, including the fuel 
fired or electrically heated 
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can be cooled to 200° F., 
while still in the atmosphere, 
before discharge. Our 
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retention time, atmosphere 
and other needed conditions, and 
produce actual samples of the 
product, before the production 
size unit is designed or built. 
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Let us work with you on 
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Our testing team works for you 


Your requirements come first with our testing team. Working directly under our chief engineer, 
they check and double-check the fabrication work of our production crews. Your own men 
couldn’t do a more faithful job. Come and see for yourself. Or write for Bulletins HE and Cl. 


For a close fit—Incoming tubes are always miked 
for exact size. Matching tube sheets are then reamed for 
a close fit that contributes to heat exchanger quality. 


In the dark—but not for long. Our own darkroom 
permits immediate developing of X-ray films... gives our 
inspector a fast check of weld structure and soundness. 


|B] Tailored to size—Quality dictates precise tube hole 
diameter. Constant micrometer checking tells our inspec- 
tor that tube sheets are exactly right to meet your specs. 


| D | Reply requested—Our inspectors get many prompt 
reports from our own testing lab. Here’s a tensile test 
on our own machine. It helps speed testing and inspection. 


Downingtown Iron Works, Inc. 


106 Wallace Ave., Downingtown, Pennsylvania 
division of PRESSED STEEL TANK COMPANY Milwoukee 
Branch offices in principal cities 


NGERS-—STEEL AND ALLOY PLATE FABRICATION 
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DRAVER FEEDERS 


with or without automatic timing controls 


Here’s the way to keep production units— 
grinders, sifters, mixers, etc. — operating 
steadily at most efficient capacity. A 
Draver capacity regulating Feeder assures 
a continuous, uniform flow of material to 
the machine . . . prevents dangerous over- 
loading and wasteful underloading . . . 
helps maintain quality control . . . repays 
its cost many times over in a smoother 
running production system. 


Even sticky, hard-to-handle materials 
can be accurately regulated by dependable 
Draver Feeders—at rates from ounces to 
thousands of pounds an hour. Timing 
controls are available for feeding preset 
amounts at automatic intervals to con- 
tinuous or batch processes. 


What is your bulk feeding problem? 
Send details, and our engineers will be 
glad to make recommendations on a 
Draver Feeder that will save you pro- 
duction time and money. No obligation, 
of course. 


Draver “Micro-Master” Feeders, mounted ot 
floor level, feed to mixing equipment below. 


EQUIPMENT FOR THE PROCESS INDUSTRIES 


B.F. Gump Co. 


Engineers & Manufacturers Since 1872 
1311 S. Cleero Avenue * Chicago 50, Illinois 
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Petroleum processing 
spotlighted by new book 


PETROLEUM PROCESSING, PRINCIPLES 
Appiications, R. Hengstebeck 
McGraw-Hill Book Co., New York 
N.Y. (1959), 348 p., $10. 

Reviewed by W. A. Cunningham, 
The University of Texas, Austin, 
fexas. 

rhe best possible short-phrase des 
tiption of Petroleum Processing is 
that it is “an abstract on an industry”. 
Ray Hengstebeck has indeed provided 
in excellent abstract of a multibillion 
lollar industry covering topics rang 
ing from reaction mechanism and 
kinetics to such operating problems 
is fouling of heat exchangers. The 
book is written in an enticingly con 
‘ise stvle which, while it raises more 
juestions than it answers, will give 
the reader a well-rounded picture of 
he factors involved in the processing 
# petroleum. The tenor of the book 
s expressed properly by its title since 
t does not confine its presentation to 
vetroleum refining. 

The author had drawn on his broad 
experience as a process design en 
zineer and as a lecturer to new tech 
tical personnel to prov ide a short but 
clear survey of the major (and many 


o. the minor) aspects of a complex 
industry. The book is not written for 
the lavinan seeking a word-picture of 
petroleum refining, but for the tech- 
nical man who conscientiously wants 
to learn more about the practice and 
basic fundamentals of petroleum proc- 
essing technology. 

The man of long experience un- 
doubtedly will find the information 
about his specific phase of the indus- 
try quite condensed and probably of 
little value to him. However, he will 
find mention there of the newest and 
latest practices, and elsewhere the 
book he will read facts about other 
processing operations and practices 
of which he probably was not aware. 
rhe man new to the industry will 
find this book both guide and refer- 
ence which will be of increasing value 
as he becomes more familiar with 
processes and techniques. 

The extensive list of up-to-date ref- 
erences will be of inestimable value 
to both the rookie and the veteran. 
fo many it may even be the best 
feature of the book. 

The specific subject matter cover- 


age is, of course, broad and quite 


World-wide influence of American petroleum processing techniques is 
typified by this refinery built by Kellogg in Iraq. 
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complete, ranging from the character- 
istics of crude oils to such new and 
potentially useful processes as a clath- 
ration. Petrochemical production as 
such is not included, but since many 
of the modern petroleum products 
are really petrochemicals, the data 
presented are equally applicable to 
both industries. 

This will be a valuable fact and 
reference book in any library, be it 
public, industrial or priv ite. The ma- 
jor liability of Petroleum Processing 
is that which is common to most of 
our modern technical books, namely, 
the price is too high. The book pub- 
lishers should take careful note of 
the increasing cost of books, especially 
textbooks, since high prices have pre- 
vented the adoption of numerous 
books as texts in college and uni- 
versity courses, 


THe Properties OF GASES AND 
Liguip:, Robert C. Reid and Thomas 
kK. Sherwood, McGraw-Hill Book Co.., 

Reviewed by J. W. Riggle, Engi 
neering Research Laboratory, E. 1. 
du Pont de Nemours & Co., Wilming- 
ton, Del. 

This book consists of eight chapters 
in which procedures are presented 
for correlating and estimating the 
physical properties of gases and 
liquids. An initial introductory chapter 
includes explanations of format of the 
book. Each chapter (with the ex- 
ception of the introductory chapter) 
discusses means for correlating and 
estimating a specific property; for ex- 
ample, Chapter 6 is entirely con- 
cerned with viscosity of liquids and 
gases. The properties included are: 
critical properties; P-V-T  relation- 
ships; vapor pressures and latent 
heats; heats, free energies of forma- 
ton, and heat capacities; viscosity; 
thermal conductivity; diffusion coeffi- 
cients; and vapor-liquid equilibria. 
An excellent bibliography is also in- 
cluded which contains 480 literature 
references, 

A unique feature of the book is 
that each chapter is a separate, com- 
plete book in itself with a format that 
is identical to every other chapter 
with the exception of the 
tion. First in each chapter the authors 
present a brief description of the 
chapter's content. Then they give a 
word picture of what the particular 
property is and describe general meth- 
ods for measuring it. Next, the cor- 
relating or estimating procedures are 
very clearly presented. Finally, recom- 
mendations for the best procedures 
are presented in order of descending 
preference. The entire book is liberally 

continued on page 8 


For more information, circle No. 117 > 


CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 2) 


& 
a 
| 
. 


Take a look at the “works” of a MIKRO-PULVERIZER, and you'll 
have a pretty good idea why these units have been receiving 
the nod of approval from the processing industries for so many 
years. It’s not just a “grinder” . . . but a precision-engineered 
unit in which each component is carefuly machined and balanced, 
held to close, uniform tolerances. And this is true of the entire 
MIKRO-PULVERIZER line, from the smallest pilot plant mill to 


MIKRO-Products 


32 Chatham Road e Summit, New Jersey 


LE. 


Pulverizing Machinery Division ¢ Metals Disintegrating Company, inc. 


APPLYING TECHNOLOGY 
TO REDUCTION PROCESSING. 


units producing upwards of ten tons per hour! You'll find the 
Mikro Laboratories at your disposal, ready to test grind your 
product and help you select the unit for your particular require- 
ments. As an additional assurance, we're set up to ship genuine 
Mikro replacement parts to you within 48 hours of order. Bulletin 
51A has the full story of models and capacities. It's yours for 
the asking, with no obligation. 


PROCESSING SYSTEMS 


GRINDING CONVEYING COLLECTING 


REPRESENTATIVES throughout the United States, Continental Europe, British Isles, Canada, Mexico, Central and South America, 
West Indies, South Africa, India, Japan, Philippines, Australia and New Zealand. 


MANUFACTURING FACILITIES: United States, Canada, Continental Europe, British Isles. 


ig 
pat 


rubber- plastic, 
most economi- 
cal for average 
chemicals. '2 to 
6”. Screw or sol- 
vent welded fit- 
tings. Valves 


to 2”. NSF- 
approved. Bul. 
80A. 


Rubber or plas- 
tic lining is eco- 
nomical life 
insurance for 
costly “special” 
equipment. It's 
a specialty with 
ACE. Write for 
Bul. CE-S3. 


Choice of Rivi- 
clor PVC, 
Ace-Ite rubber- 
plastic, Ace 
polyethylene or 
Ace Saran to 
match any plas- 
tic pipe. Sizes 
% to 2”. Also 
larger plastic- 
lined valves. 


“Glad to see 
you're a man with 
ideas, Henry” 


Why men with 


ideas choose 


ACE equipment 


Leading chemical design and devel- 
opment men work in the future... 
with no time to go back over speci- 
fications for equipment that didn’t 
work out. You'll find they reach for 
Ace corrosion-engineered equip- 
ment time and again...just to be 
sure. If equipment failures give you 
no time to think ahead, it’s time to 
give us a call. 


Ace-Hide,tough 
as a rhinoceros, 
insensitive to 
corrosives, 
makes this finest 
of acid pails. 
Also dippers, 
bottles, funnels, 
etc. 


ACE... equipment of rubber and plastics 
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sprinkled with extensive tables con- 
taining data for use with each pro- 
cedure. Tables are also used to clearly 
show the errors found in the use of 
the various procedures. 

A refreshing and welcome feature 
of the book is an attempt by the 
authors to present the reader with a 
handy “cook book” for getting the end 
result—a property for use in subse- 
quent calculations. In no case is the 
reader left in doubt as to what equa- 
tion to use or how to use it. In fact, 
where lengthy equations are neces- 
sary, the steps for a complete solution 
are listed with short cuts liberally in- 
cluded to save the engineer-reader 
time in making calculations. In many 
cases, thermodynamics are required 
to understand and use the procedures. 
The authors have clearly and quickly 
presented the necessary thermo back- 
ground in a manner which should be 
copied by future thermodynamics 
book writers. 

This book contains information of 
great value for all practicing chemical 
engineers, but it will have to be con- 
tinuously revised as new correlation 
and estimation procedures are pre- 
sented. It looks like provision should 
be made now so that when a suitable 
time has elapsed (five years, per- 
haps), a second edition will be avail- 
able. Already several developments 
have been omitted which should be 
included in a future edition. For ex- 
ample: (a) more emphasis might be 
placed on use of computers although 
slide rule calculations should not be 
omitted; (b) the whole field of non- 
Newtonian behavior of fluids should 
be included in the viscosity chapter, 
if possible; (c) diffusion in high 
polymers where the diffusion coeffi- 
cient varies several fold should be 
mentioned; (d) total pressure tech- 
niques for obtaining vapor-liquid data 
should be evaluated. 

Summing up Reid and Sherwood’s 
book: (a) a gap has been filled in the 
chemical engineering literature; (b) 
a different style of technical writing 
has been used that exactly suits the 
purpose of the book; (c) a high level 
of technical excellence is maintained 
for the engineering world. 


Lasor - MANAGEMENT RELATIONS, 
Charles Wiedemann, Reinhold Pub- 
lishing Co., New York, N. Y., 
(1959), 142 p., $3.75. 

Reviewed by R. P. Dinsmore, vice 
president, Goodyear Tire & Rubber 


Co. 
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Boardman . . . a name chosen by leaders 
in the chemical processing industries for 
over 50 years for dependable, precision 
custom fabrication The experienced en- 


gineers and skilled craftsmen at Board- 


man can do the job for you, too, because Bp t-: one of a series of 
A. S. M. E. code stain- 


less steel feed and flash tanks 
for United Gas Pipeline 
Company. Center: an 8’ 


they've done almost every kind of job for 


industrial giants the world OD x 60’ dryer, composed 
4 over! of one-third solid type 316 
. stainless steel, two - thirds 
type 316 20% clad, with 
—— j interior end cone of Hastel- 
loy C Bottom: Stainless 
steel cyclones produced for 
the Fish Engineering Com- 

pany. 


Drop a postal card in the 
mail today for a complete 
resume of Boardman capabilities. 
THE BOARDMAN CO °° P. O. BOX1152 * OKLAHOMA CITY, OKLA. 
For more information, turn to Data Service card, circle No. 144 
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No duct work! 


GARDEN CITY 


Thermal-Aire 


PLUG UNITS 


Plog Unit with 
diffuser housing 
for radial dist 


emperatures to 1850"F 
pressures to 18" S.P. 


Wheel is inserted directly into furnace, oven, 
kiln—need for duct work is eliminated. Mount 
in any position, at any suitable location. Can 
be installed with or without housing, depend- 
ing on airflow efficiency required. ‘“‘AIR- 
COOLED” Shaft prolongs bearing life, too; 
cuts maintenance and replacement costs. Costs 
less to buy, install, maintain; easily applied 
to new or existing installations. 


WRITE TODAY for information on 
Thermal-Aire Fans and Plug Units 
Radial Blade . . . Forward Curve Blade 


MEMBER OF AIR MOVING AND 
CONDITIONING ASSOCIATION, INC. 


REPRESENTATIVES IN LEADING CITIES 


GARDEN CITY 
C- BLOWER Co. 


805 NORTH EIGHTH STREET, NILES, MICHIGAN 


For more information, turn to Data Service card, circle No. 79 
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BIG NAMES 
Choose H&T for 


Water Treating Equipment . 
American Cyanamid 


Complete plants for 
demineralization, de- 
alkalizing, clarifica- 
tion, silica removal, 
water softening, iron and manganese removal. Send 


for catalog or ask to have field representative call. 


HUNGERFORD & TERRY, INC. 


CLAYTON 10, NEW JERSEY 
Over 50 years’ experience 


‘Sparethe Chisel 
“Sa the Parts 


Don't ruin a valuable piece of equipment 
merely becouse some port is rusted tight. 
Apply Kroil, the amazing new chemical lubri- 
cant that creeps into millionth inch spaces 
(proved by laboratory tests), dissolves rust, 
supplies necessary lubrication and 


LOOSENS FROZEN PARTS 


18,000 of America’s leading plants can’t be wrong! They 
have used KROIL for 10 years and are still depending 
on it to save expensive labor and valuable parts. They 
say: “Kroil loosened bushings after a 12-ton press had 
failed” . . . “on repairing heat treat trolleys formerly 
destroyed every nut. Now Kroil saves them all, and 
time, too” 

You too should be using KROIL every day. Try it on money-back 

basis. Gallon $4.35; with Kroiler trigger squirt gun (shoots a 

drop or a stream 15 feet, if desired) $5.25; f. o. b. our factory. 


KANO LABORATORIES 1058 Thompson Lane, Nashville 11, Tenn. 


KANO LAD ATORIES 
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the 
Aquamizer 


It represents the most modern concept of an evaporative 

condenser. If you have a cooling water problem and require 

a surface condenser on any vacuum system, it’s an item you 
can’t overlook, since it uses no external source of water. 


And—if you want really cold water—we offer you a Steam Vacuum 
Refrigeration System equipped with an Aquamizer. Here is a means of 
providing large quantities of cold water down to 35°F and, as stated 
above, requires no external source of cooling water. No expensive 
refrigerants—no compressor—no extensive maintenance! 


WELIFLOW HEAT STEAM JET BAROMETRIC MONOBOLT 
EXCHANGERS EJECTORS CONDENSERS EXCHANGERS 


A DEAERATING 
CONDENSERS EVAPORATORS HEATERS 


STEAM VACUUM 
REFRIGERATION 


GRAHAM MANUFACTURING CO., INC. 


Heliflow Corporation 


170 GREAT NECK ROAD * GREAT NECK, NEW YORK 
Offices in principal cities and Canada 


For more information, turn to Data Service card, circle No. 73 
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SALES OFFICES IN PRINCIPAL CITIES 


NDUCTORS 


ff 


Part of diffusion 


Hoffman Electronics 
Stepless 


Corporation, 
Program 


El Monte, California. 
Controllers 


Process is one step in 
critical manufacture of 
silicon solar cells. 


Semi-conductors are grown by a 
highly integrated process, involving 
time-temperature control. Only the 
most precise control delivers the 


required quality, uniformity, efficiency. 


Leading producers of semi-conductors 
find best results from the market’s most 
compact, integrated Stepless Program 
Controller: by West. This unit infinitely 
modulates heater power and coordinates 
time-and-temperature control for even 


the most unstable systems. 


Also available: models combining 
Gardsman off-on, proportioning or 
3-position controllers with programming. 
All are tubeless and noted for 

minimum maintenance and operating 
requirements. Ask your West 
representative or write for 


Bulletin JSB and JG. 


4357B W. MONTROSE, CHICAGO 41, ILL. 


British Subsidiory 


12 


WEST INSTRUMEN? “70, 


Represented in Canada by Davis Aut 
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This is an excellent factual presenta- 
tion of problems which arise in the 
negotiation and administration of 
union contracts. It is concisely written 
in simple language, using an interest- 
ing and readable style. 

The approach is objective. The 
foundation for labor contracts is laid 
by a discussion of the nature of in- 
dustrial relations and the basis in our 
laws for union representation. The 
brief treatment of management deal- 
ings with the white-collar employee 
and the professional employee are 
symptomatic of the sound, common- 
sense viewpoint of the author. 

Throughout he makes practical sug- 
gestions Ser meeting conditions which 
experience has shown to frequently 
occur. 

This is a valuable book for those 
who wish to know the pitfalls of 
labor negotiations and contract ad- 
ministration without making labor 
relations a career. 

It should especially appeal to the 
professional man and can be read 
carefully in one evening. 


Work MEAsurEMENT, Virgil H. Rot- 
roff, Reinhold Publishing Corp., New 
York, N. Y., (1959), 203 p., $4.85. 
This book presents the fundamental 
principles and techniques of work 
measurement and gives examples of 
application largely drawn from the 
mechanical industries. It is a syste- 
matic presentation of the methods and 
procedures which have been evolved 
from time study techniques during 
the past few decades. It is aimed 
especially at the objectives of the in- 
dustrial engineer which involve de- 
velopment of work standards and in- 
stalling wage incentive programs. 
This field is becoming of increasing 
interest to engineers employed in the 
process industries where automatic 
controls take over a large part of the 
physical work formerly performed by 
direct operating labor. However, 
since it deals very generally with these 
problems as applied to the design and 
operation of chemical processes, this 
book will “mae f be of limited value 


to most chemical engineers. 


FUNDAMENTALS OF PuysIcaAL CHEM- 
istry, H. D. Crockford, and Samuel 
B. Knight, John Wiley & Sons, Inc., 
New York, N. Y. (1959), 463 p., 
$6.95. 


Continuous ANALYSIS OF CHEMICAL 
Process Systems, Sidney Siggie, John 
Wiley & Sons, Inc., New York, N. Y. 
(1959), 381 p., $8.50. 


For more information, circle No. 22> 
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final check 


on your order for stainless steel plate from Carlson 


@ Stainless steel is our only business—and we know it! Producing to your specified 

« tolerances in shearing, sawing, abrasive cutting, flame cutting, forming and machining stainless steel plate is a 
regular Carlson service. This accuracy in manufacturing saves time and money in your shop. Fabrication is 
easier; true-up time is cut to a minimum. 

This dependable service makes Carlson a money-saving source of supply for all your stainless steel 
piate. You run no risk of errors which increase your costs and jeopardize your reputation and good will with 
your customers. 

Prompt, effective service starts the moment your inquiry reaches our office. The final check of your 
order is done by Carlson specialists for we know your satisfaction begins right here. Take advantage of our long 
experience in the field. Write today, your inquiry will receive prompt attention. 


G. De. 


Stainbou Steel; Exobasively 

MARSHALTON ROAD « THORNDALE, PENNSYLVANIA 

District Sales Offices in Principal Cities 

PLATES + PLATE PRODUCTS + HEADS + RINGS + CIRCLES + FLANGES + FORGINGS + BARS AND SHEETS (WO. 1 FINISH) 
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on 
uk 
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PITTSBURGH'S got it... and it’s 
available to you! 


| F you have an adsorption problem, call for the 
services of a Pittsburgh Technical Representa- 
tive. He has an extensive store of practical adsorp- 
tion ““know-how” which may be of real value to you. 
He'll be able to evaluate and advise on improve- 
ments in your present system . . . or help your 
people set up a small-scale laboratory column to 
demonstrate the dramatic adsorption efficiency of 
Pittsburgh Granular Activated Carbons. 
Pittsburgh developed coal-derived granular car- 
bons and produces them today in a wide range of 


Want More Information? 
Send for this Booklet 


There's a type of Pittsburgh Granular Carbon ideally 


types to rigid, printed specifications. Because of 
their controlled pore structure and outstanding 
adsorption qualities, Pittsburgh Granular Acti- 
vated Carbons are setting a new standard of 
adsorption efficiency and economy in a constantly 
growing number of continuous column systems 
throughout industry. 

Call or write us the details of your adsorption 
problem .. . today! 


suited to solve your particular adsorption problem. 
Write for folder describing Pittsburgh Activated 
Carbons in both liquid and vapor phase applications 


it's free. 


ACTIVATED CARBON © COAL CHEMICALS © PROTECTIVE COATINGS © PLASTICIZERS + CEMENT « COKE © PIG IRON « FERROMANGANESE 


For more information, turn to Data Service card, circle No. 74 
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SCOPE 


NEWS PLUS 


INTERPRETATION 


Chemical industry profits on way back up 


Nine-month interim figures for 1959 substantiate significant 
recovery for the chemical and allied industries in the past year. 


NET PROFIT AFTER taxes in the 
chemical ‘industry, still on the to- 
boggan at the end of 1958, headed 
upward again in 1959. However, 
expressed either as percent of sales 
or of stockholders’ equity, the profit 
figures show dramatically that the 
chemical and allied industries have 
been, and continue, in a stronger 
profit position than the average of 
all manufacturing industries. 

Statistics compiled by the Ameri- 
can Paper and Pulp Association on 
the basis of reports from the 
Bureau of Internal Revenue, the 
Federal Trade Commission, and 
the S.E.C. (Figure 1), nevertheless 
point up a definite long-term 
downward trend in net profits. 
Even in the good old days of 1956- 
57, profit margins did not scale the 
towering peaks of the 1950-51 
boom. 

At the end of 1958, net profit 
after taxes for the chemical and 
allied industries averaged 7.0% of 
sales, compared to a figure of only 
4.2% for all manufacturing indus- 
tries. Calculated as percent of 
stockholders’ equity, the 1958 profit 
after taxes averaged 11.1% for chem- 
ical and allied industries against 
8.4% for all industries. Only indus- 
try which exceeded the profit 
margin of the chemical in 1958 
was the tobacco industry, which 
chalked up a respectable 13.1% net 
profit after taxes, calculated as per- 
cent of stockholders’ equity. 

Final figures for 1959 will not be 
available until the annual reports 
are published. However, interim 
figures® for the first nine months of 
1959 show that profits after taxes as 


*Statistics kindly furnished by 
Smith, Barney & Co., stock brok- 
ers. 


percent of sales averaged 9.2% for 
fifteen of the largest chemical com- 
panies, contrasted with 7.0% for the 
comparable period of 1958. On the 
same basis, the average for fifteen 
leading pharmaceutical companies 


48 49 50 


went up less than 1%—from 12.8% 
in 1958 to 13.0% in 1959. Obvious 
conclusion: the drug manufacturers 
suffered hardly at all from the 1957- 
58 recession—sickness takes no 
holiday. 


Year 
52 53 54 55 56 57 58 


| 


Per 


Profit after taxes (percentage) 


cent of stockholders’ equity 


* chemicals and allied products 
*A\| manufacturing industries 
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Plastics push paced by polyethylene film 


Billion-pound-per-year club no longer exclusive—vinyls in, 


Propuction oF polyethylene film 
showed a net increase in 1959 of 
more than 75 million pounds per 
year, according to a _ year-end 
roundup report by Union Carbide 
Plastics. The plastics industry as a 
whole, reports Carbide, showed 
production gains of about 20% over 
1958, and a total production of 
about 5.4 billion pounds. 

Polyethylene production for the 
year totaled about 1.15. billion 
pounds, a 33% increase over the 865 
million pounds recorded in 1958. 
Production figures for 1960 should 
total about 1.375 billion pounds, 
say Carbide’s market researchers. 

High-density polyethylene con- 
tinues to show a sharp growth 
curve. From 8 million pounds in 
1957, high-density sales grew to 42 
million pounds in 1958, and to ap- 
proximately 85 million pounds in 
1959. Penetration of new markets 
is expected to raise sales to 135 
million pounds in 1960. 


Epoxies lagging 

“Epoxy sales have not grown as 
fast as some industry observers 
predicted,” remarks the Carbide re- 
port. The 195S = total of 
52 million pounds was considerably 
below available capacity, although 
higher than the 41 million pounds 
turned out in 1958. Prediction for 
1960—64 million pounds. 

Vinyls have moved into the exclu- 
sive billion-pounds-per-year club, 
with a production total of 1.05 bil- 
lion pounds per year, compared 
with 869 million in 1958 and 887 
million in 1957. Outlook for 1960 
is around 1.2 billion pounds. Influ- 
ential factor in vinyl expansion has 
been use of vinyl dispersion resins 
for coatings, particularly for pre- 


16 February 1960 


polystyrene waiting in the wings and about to come in. 


coating of metals prior to forming. 

Phenolics also fared well in 1959. 
Total output was about 564 million 
pounds, a substantial gain over the 
488 million pounds turned out in 


1958. Polystyrene, too, registered 
sharp gains, up from 763 million 
pounds in 1958 to about 900 million 
in 1959, is expected to pass the 
billion pound marker in 1960. 


Plastics box score. Actual production figures for 1957 and 
1958 (Tariff Commission figures) together with estimates for 
production in 1959 and 1960 (from Market Research Depart- 
ment, Union Carbide Plastics Company). 
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Computer combing chemical patents 


Machine patent searching technique expected to 
cut man-hours, turn up new leads for research. 


The polymer chemical field, one 
of the broadest and most difficult 
areas of patent research, has been 
singled out by the U.S. Patent 
Office for its experiment with a 
new streamlined computer system. 
This method of patent searching 
would accomplish in half an hour 
a job that now takes a skilled 
researcher nearly a full day, and 
might be adapted to most patent 
searching throughout the chemical 
field. 

A government industry research 
team, formed by the Office of Re- 
search and Development at the 
Patent Office and the Research 
Division, Textile Fibers Depart- 
ment, of Du Pont, adapted for 
the first time the agency’s punched- 
card file, which heretofore could 
be processed only on specially- 
built equipment, to commercially 
available data-processing equip- 
ment. A Bendix-G-15 digital com- 
puter successfully tested the use of 
a general purpose computer to 
search for patent information by a 
serial scanning technique. 

The new electronic search sys- 
tem will be a looked-for boon to 
the chemical industry, since it can 
turn up areas of invention that 
have been overlooked. While 
searching for patented compounds 
that can do a particular job, the 
computer can also be instructed 
to indicate those with similar char- 
acteristics that might also perform 
the same job. 

At present, leading chemical 
companies tend to mistrust a com- 
puter for use in an infringement 
search. However, a patentability 
search holds greater interest, since 
the list of alternate materials iden- 
tified by the computers might be 
cheaper for manufacturing the 
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product. The searcher can also 
better evaluate the patentability 
of his own developments. 

Since new discoveries are con- 
stantly being made in the polymer 
field, it would be important if the 
great duplication of effort encoun- 
tered in hand-searching methods 
could be eliminated by an auto- 
mated searching system. The prob- 


lem of vay with the rapidly 
growing number of patents ob- 
tained each year in the field con- 
tinues to plague the Patent Office. 
If this can be overcome in the 
most difficult area, polymers, per- 
haps the bottleneck on new prod- 
ucts and processes caused by time- 
consuming patent searches can be 
ended. 


Coming soon—petrochemical and refining exposition 

The Chemical Engineer's role in design and development of 
— and petrochemical production facilities will be the 
eynote of a Petrochemical and Refining Exposition to be 
sponsored by the American Institute of Chemical Engineers. 
Occasion will be the National A.I.Ch.E. Meeting to be held 
in New Orleans, February 26-March 1, 1961. The exposition 
will be held in conjunction with several days of technical 
sessions on chemical engineering in the production and process- 
ing of petroleum and petrochemical products. Both the 
exposition and the petroleum symposia will emphasize the 
rapidly expanding inter-dependence of these industries and 
the chemical engineering profession. 


Titanium anodes for chlorine production? 

Permanent platinum-coated titanium anodes may soon replace 
the standard graphite anode in chlorine production, accordin 
to a year-end survey by Titanium Metals Corp. Tests complet 
to date are said to indicate that such platinized anodes would 
almost eliminate down-time caused by anode wear. 


Engineer demand up in 1959 

Industrial recruiting and overall demand for engineers in 
1959 increased materially over 1958, according to a recent 
survey conducted by the Engineering Manpower Commission 
of EJC. Net increase in number of engineers hired by industry 
in 1959 was more than double that in 1958, would have been 
higher, says EJC, had a sufficient supply been available. The 
future?—“Demand for engineering graduates is expected to 
increase further in 1960 and to continue to accelerate in 
the years immediately ahead.” Survey participants projected 
1966 needs as 15 graduates for every 10 recruited in 1959. 
Incongruous note— U.S. Office of Education announces that 
freshman engineering enrollment has dropped for the second 
consecutive year, over 3% in 1959, after an 11% drop in 1958. 
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MATHESON 


Compressed Gas Notes 


science of sterilization has been 


The 
changing over the past few years. Gone 
is the necessity of lengthy exposures to 
high heat to insure effective sterilization. 


Heat and moisture-sensitive items, often 
ruined by long exposures to steam, can 
now be effectively and completely steril- 
ized by the turn of a valve. The valve is 
on a cylinder of sterilizing gas called by 
different proprietary names, but consist- 
ing of Ethylene Oxide plus an inerting 
non-toxic, non-flammable gas to render 
the total mixture either non, or less 
flammable. For most sterilizing pur- 
poses, Ethylene Oxide concentrations of 
450 to 1000 milligrams per liter of cham- 
ber space will be sufficient to provide a 
100% kill. 


Mixtures 


The sterilizing mixture can be com- 
pounded in a number of ways to render 
the mixture more or less concentrated in 
Ethylene Oxide, or to have higher or 
lower cylinder pressure to suit the needs 
of the sterilizer function and design. The 
Matheson Compressed Gas Catalog lists 
sterilizing gas mixtures available from 
stock from all 3 Matheson plants. Special 
mixtures of any concentration of Ethyl- 
ene Oxide are available from Matheson. 


Fig. 1 illustrates the type of cylinder 
used to package sterilizing gas mixtures. 
The picture represents the sterilizing 
gas in two phases—liquid and gas. An 
eductor tube extends into the liquid 
phase of the mixture. When the cylinder 
valve is opened, the vapor pressure of 
the mixture forces the liquid out of the 
cylinder, through the eductor tube and 
valve. From there, the mixture may be 
piped directly to a sterilizer where the 
mixture will vaporize and do its job. 
Another method of dispensing the mix- 
ture to a sterilizer, is by first discharging 
the liquid into an expansion tank where 
it is allowed to completely vaporize. The 
mixture is then automatically fed from 
the expansion tank to the sterilizer as a 
completely mixed and vaporized gas, in- 


Compressed Gases and Regulators 
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For more information, turn to Data Service card, circle No. 36 


suring a homogeneous mixture through- 
out the sterilizer. 


Advantages 

Here are some of the advantages gained 
by the use of gas sterilization: 

Rapid action. All forms of organisms 
destroyed at ordinary temperatures. All 


<— Liquid 
phase 


types of substances and many packag- 
ing materials can be penetrated, allow- 
ing completely packaged items to be 
sterilized. (Even the pages of a closed 
book can be effectively sterilized.) Low 
toxicity to humans and animals. Can 


The Matheson Company, Inc., P.O. Box 85, E. Rutherford, N.J. 


Please send the following: 


-) Matheson Compressed Gas Catalog 


Address 


Ethylene Oxide Bulletin 


Gas Sterilization with Ethylene Oxide Mixtures 


be rendered non-flammable. Convenient 
to handle. Easy storage. Gas completely 
removed by aeration; no residue. Non- 
corrosive. 


Typical Applications 

Here are a few of the items that have 
been effectively sterilized with sterilizing 
gas containing Ethylene Oxide: Plastic 
bandages, polyethylene bottles, packaged 
catheters, penicillin, surgical sutures, 
blankets, leather, wool, cotton, nylon, 
paper, plastics, foodstuffs, glassware, 
airplane cabins, railroad cars and buses. 
We are equipped to supply sterilizing 
gases in regular or special formulations, 
in a variety of cylinder sizes. Our Sales 
Engineering Department will be glad to 
furnish further details and quotations 
concerning your needs. We will welcome 
your inquiries on gas sterilization. 


Ethylene Oxide 

In addition to sterilizing mixtures Math. 
eson distributes Ethylene Oxide in quan. 
tities ranging from an 8 oz. Lecture Bot- 
tle to 400 lb. steel drums. Available from 
all three Matheson plants. Our Ethyl- 
ene Oxide Bulletin gives Specifications 
and physical constants. Mail coupon for 
free copy. 


Mail Coupon for Gas Catalog 
Send for your free copy of the Matheson 
Compressed Gas Catalog containing 
prices and data on 82 compressed gases 
and gas mixtures available in 5 cylinder 
sizes and a complete line of gas regu- 
lating equipment. 


State — 


| 
| 
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The Matheson Company, Inc. 


East Rutherford, N. J.; Joliet, Ill.; Newark, Calif. 


For more information, circle No, 125 > 
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Only FLO-BALL valves 
are bearing-fixed 

for maintenance-free 
long life! 


... With all the features 
you must have: 


Top loading 

* Replaceable seats 

* One-piece ball and stem 

- 90° on-off Series 711, 150 Ib. 


* Two-way flow ASA Flanged, 
Reduced Port 


Now available ...the result of years of intensive 
service in the missile-space industry ... proven in 
thousands of adverse applications ... now at mass 
produced prices... the most advanced line of ball 
valves ever manufactured ...for you! 


ORDINARY BALL VALVE FLO+ BALL VALVE *h 


Floats Ball « Fixes Seat 


Floating ball puts excessive pressure load on 
fixed seats. Results in distortion and short life. 


* 
a Ade 
wo 
= Fixes Ball « Floats Seat 
a. 
MBE } 
a § forces. Elimination of excessive seat loading ae 
§=sinsures long life. 


The Series 711 FLO-BALL valves are avail- 
able for off-the-shelf delivery. All are manu- 
factured to standard ASA dimensions in 
semi-steel, carbon steel, 316 stainless steel, 
and aluminum (ASTM 356-T-6) for body 


Bearing 


“O” Ring 
“O” Ring 
Bearing 


“O” Ring 


and ball, Teflon for seats, and Buna “N” 
O-Ring seals. Other materials are also avail- 
able. These valves operate at pressures to 
300 psi, temperatures to 400° F. 


Cover 


Ball with 
Integral Stem 


“O” Ring 
Seat 


Seat-Retainer 


The Hydromatics Series '711 FLOeBALL valve 
gives you the features you must have! 


Bearing-Fixed ball. Engineered to withstand 
shock and impact without distortion or backlash. 


Top loading. Valve can be disassembled and as- 
sembled without removing it from line. No special 
tools are required. 


Self adjusting, replaceable seats. Both balanced 
seats are self-aligning and self-adjusting for con- 
trolled seat loading and positive seal. 


No lubrication. Operates completely without lu- 
brication. 


Zero leakage. At all operating pressures, including 
vacuum to 10° mm. of Hg. 


+ One-piece stem and ball. Simplified construction 
adds strength, precision and lower torque. 


Maximum flow efficiency. The open FLO-BALL 
valve provides an unrestricted, straight-thru fluid 
path. 


Lowest torque. Bearing-Fixed construction re- 
sults in effortless, fast-action with low torque. 


Two-way flow. Exclusive FLO-BALL seat de- 
sign principle insures perfect seal in both di- 


rections. 
a. 


Hydromatics, Inc. 


Gentlemen: 
Your Bearing Fixed Flo-Ball valves from 4%” to 24” may help solve 
a problem relating to the control of: 


[] Corrosive Liquids [] Cryogenic Liquids [) Throttling Flow 
Vacuum 


() High Pressure 


Tear Along This Edge 


City 


My name____ Position_ 
Company name__ 
Address____ 


PLEASE: Have salesman call Send technical data 


; 

| 

| 


FT 


Hydromatics,inc. 


LIVINGSTON, N. J. e WYMAN 2-4900 « TWX 


LIVINGSTON, N. J. 120 


BUSINESS REPLY MAIL 
7 Postage Will Be Paid By 


FIRST CLASS 
PERMIT #40 
LIVINGSTON 
NEW JERSEY 


Hydromatics, Inc. 


Livingston, New Jersey 
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letters 
to the editor 


Chlorination of 
IImenite—author 
answers critic 


I was interested to note the article 
entitled, “Chlorination of Ilmenite in 
a Fluidized Bed,” published in the 
October 1959 CEP. I have several 
comments to make in connection 
with the article. 

(1) The authors concluded that 
the chlorination reaction is not 
affected significantly by mass trans- 
fer at 750°C when the linear gas 
velocity in the tube is greater than 
25 ft. per minute. They then go 
on to make the statement that at 
higher temperatures the mass trans- 
fer effects become even less important 
because the linear gas _ velocity 
increases for the same mass velocity 
as the temperature is increased, due 
to the decrease in gas density. The 
rate of mass transfer may be 
expected to increase by about 0.8 
power of the linear velocity and 
therefore of the temperature also. 
However, the rate of chemical 
reaction can be expected to increase 
much more rapidly with temperature 
— exponentially according to an 
Arrhenius type equation. Therefore, 
one might expect that the mass 
transfer effect would become increas- 
ingly important as the temperature 
increases and the ratio of the rate 
of mass transfer to the rate of chemi- 
cal reaction decreases. Perhaps this 
effect causes the apparent change 
of mechanism at 750°C noted by 
the author and shown in Figure 3. 

(2) I agree with the observation 
that W/F in the rate expression 
varies with conversion. However, the 
assumption made by the authors 
that W in this expression is directly 
proportional to the weight of iron 
oxide in the bed is open to question. 
The authors point out that the part 
of the iron present as FeO is chlori- 
nated at a much faster rate than 
the Fe,O,. Also, the iron oxides in 
the ilmenite exist as an integral part 
of the mineral’s crystal structure and 
not as discreet particles. The ilmenite 
particles are porous in structure. 
In the light of these points, as tem- 
perature increases transfer 
becomes more important, I would 
expect that the rate of chlorination 


continued on page 28 


Complete 
Pump, Turbine 
and Controls 


COFFIN 
IND 
TURBO 
PUMPS 


PACKAGED ~ integral design of the IND Pump results 
in a compact, highly efficient unit which mounts impeller and 
turbine wheel on a short, rigid shaft. The unit is equipped with 
complete controls for constant or differential pressure regulation. 


APPLICATIONS — compact and highly efficient, the 
Coffin type IND Steam Turbo Pump is designed for General 
Boiler Feed or any other pumping service where medium volume 
and high pressure is required. 


SPECIFICATIONS - 

Capacities ; to 180 GPM — Height 32” 
Discharge Pressures to 350 PSIG — Width 25” 
Liquid Temperatures ; to 300°F — Length 32” 


For special installations these ratings may be exceeded. 


Coffin Turbo Pump Co. 

326 South Dean Street, Englewood, N. J. 

Gentlemen: Please send me illustrated booklet further 
describing the Type “IND” Pump. 


Name 
Position 


Street 
City Zone State 


COFFIN TURBO PUMP CO. 


FOOD MACHINERY AND CHEMICAL CORPORATION 


326 South Dean Street + Englewood, New Jersey 
Agents in all Principal Cities + Cable Address: COFCO 


For more information, turn to Data Service card, circle No. 97 
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why not check on 


WENDNAGEL 


> WOOD TANKS 


Lined Unlined 


LOOK AT THESE 
TYPICAL PRICES! 


5,000 gallon ............+. $ 523.00 


These prices are for Tank-Grade Douglas Fir, 
f.o.b. Chicago. Prefabricated and ready for 
you to erect . . . or ask for immediate prices 
on complete delivered and erected tanks. All 
custom fabricated at production prices. Add 
about 25% for PVC lining in 10,000 gallon 
tanks, even less for larger sizes. 


Used for... 
Sulphuric Acid 
Phosphoric Acid 
Liquid Fertilizers 
Urea 
. . and many other chemical solutions 

WOOD TANKS are suitable for most 
chemical solutions with a pH between 
2 and I1. Polymer liners extend this 
range from below zero to 14. Polycel 
Tanks (Wendnagel Wood Tanks with 
Polymer Linings) can handle even con- 
centrated solutions of strong acids as 
well as strong alkaline solutions. Can 
be furnished closed or open. 

Take Advantage of this Smart Idea 


Write Today 


WENDNAGEL & CO., INC. 


620 W. Cermak Road 
Chicago 16, Ill. 
Builders of Quality Wood Tanks for 104 Years 
For more information, circle No. 77 
24 February 1960 
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Air pollution 
and lung cancer 


THE AIRBORNE EFFLUENT from indus- 
trial plants must now share with ciga- 
rette smoke and automobile exhaust 
the spotlight of suspicion in the search 
for the source of cancer causing chem- 
icals. 

A third of a century ago, lung 
cancer was an inconsequential prob- 
lem. But today it is killing people at 
the rate of about 35,000 a year, and 
it’s incidence is increasing at a rate 
greater than that of any other disease. 
Statisticians have been quick to cor- 
relate a corresponding increase in the 
use of cigarettes and automobiles over 
the same period of time. But it has 
been only since the recent identifica- 
tion of specific airborne chemicals 
known to be present in the products 
of incomplete combustion of fuels that 
airborne industrial effluents have 
begun to attract official attention. 
Richard A. Prindle, Chief, Air Pollu- 
tion Medical Program, U. S. Depart- 
ment of Health, told a recent Confer- 
ence “A word about the mode of 
action of air pollution in carcinogene- 
_ we true carcinogens do exist in 
the air, and many of these result from 
almost any type of incomplete combus- 
tion of almost any product. They in- 
clude identified compounds such as 
3, 4 benzpyrene, and more recently, 
3, 4 benzfluoranthrene. Certain ali- 
phatic hydrocarbons have produced 
skin cancers on mice after isolation 
from fractions of the atmosphere, and 
other substances may act as co-c arci- 
nogens.” 

To back up his statements, Prindle 
submitted the following table: 


The identification of specific chemi- 
cals as the offending carcinogens will 
give the technologist the means for 
prescribing specific treatments. 

The compilation of separate data 
for each locality will give the statisti- 
cian an Opportunity to make more ac- 
curate deductions. For example, based 
upon a national average, we know 
that in the United States we have 
half the incidence of lung cancer in 
rural areas as we have in urban areas, 
but we also know that the cities with 
the greatest air pollution have the 
greatest incidence of lung cancer. It 
is of great significance to industrialists 
that government officials know exactly 
which cities are the greatest offenders 
and what types of industries are 
located therein. 

By 1955 it had become obvious that 
the progress being made by voluntary 
action by industry was insufficient to 
minimize air pollution. The 84th 
Congress enacted Public Law 159, 
known as the Air Pollution Research 
and Technical Assistance Act. This act 
as amended by the 86th Congress 
(Public Law 365) which continues 
the authorization for up to $5,000,000 
a year for cooperative studies until 
June 30, 1964, is the sole national 
legislation under which the Depart- 
ment of Health, Education and Wel- 
fare fights the air pollution problem. 
The act does not provide for the ex- 
ercise of police power by the Federal 
Government. There is no attempt to 
impose standards of purity. However, 
there were fourteen air pollution bills 
affecting the Department of Health, 
Education and Welfare introduced 
during the first session of the 86th 
Congress. 

As the harmful pollutants of urban 
air become more specifically identi- 
fied, as their sources become better 
known, as their effects on human 
health become more intense (as they 
will with increasing concentration) 
such legislation as required to insure 
safe and health*ul urban atmospheres 
may be expected. 

—J. L. Gillman, Jr. 


Contributing factors to bronchogenic cancer urbanization and smoking. 


Urban nonsmokers ............ 
Rural nonsmokers .............. 


Notes: (1) Total 1950 population of 
white males 50 to 69 years of age dis- 
tributed equally in all areas. 


Assumed 

Population’ Rate? Deaths 
3,040,000 79.0 2,401 
3,040,000 | 112 340 
3,040,000 65.2 1,981 
3,040,000 1.0 30 


4,750 


(2) Rates from Hammond & 
Horn’s data, adjusted for city size, ex- 
= for rural nonsmokers which is an 
arbitrary minimal. 
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FOR *50.60 EACH" 
YOU CAN STOCK 
EJECTORS 
WILL PUMP, 
MIX, EVACUATE, 
AGITATE 


PRESSURE SK EJECTOR 


DISCHARGE 


Pumping x 
out a sump 


PRESSURE WATER SK EJECTOR 


Diluting 
caustic 


CAUSTIC SODA SOLUTION K Fig. 264, 2-inch, bronze Liquid Jet Ejector 


FOB. Cornwells Heights. Pa 


PRESSURE WATER DISCHARGE 


Handling 
slurry 


Want to pump out a sump .. . mix two liquids, or a liquid and a 


ie. solid .. . handle a slurry ... prime a pump. . . agitate a solution? 

dll eastitamanonit Low cost, uncomplicated SK Liquid Jet Ejectors are ideal for any 

5 of these jobs. That’s why thousands of companies (like yours) 

4 a Evacuating keep several always in stock. Liquid Jet Ejectors utilize the kinetic 

air energy of a pressure liquid to pump, mix and agitate other liquids, 

a handle slurries and fine solids, and evacuate air. They are stocked 

. in cast iron, bronze, 316 stainless steel, pvc, Haveg, and PYREX 

2 brand tubing, for quick delivery. The sketches will give you a few 

; x SacrOR ideas on how you might use a stock ejector. For complete details 
4 on on types, sizes, capacities, write for Bulletin 2M. 


DISCHARGE 


(UNTERMEDIATE Ql 
TEMP.) 

-™ a For immediate delivery, standard SK Jet Ejectors, Rotameters, and Flow Indicators are 
| | watcr ee stocked in Cornwells Heights (Phila.), Pa. Houston, Texas, and San Francisco, Calif. 
| 


and Koerting 


COMPANY 
-| MANUFACTURING ENGINEERS SINCE 1876 


2245 State Road, Cornwelis Heights, Bucks County, Pa. 


For more information, turr to Data Service card, circle No. 67 
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CONTROL the WAY 


In 1948 split body construction and power- 
ful high speed, precise positioning pneumatic 
piston actuators were available from only one 
source—Annin. Today, more than a decade 
of accumulated experience in this type of 
valve design makes Annin features and per- 
formance records the best in the valve indus- 


try. Contrary to published statements by 
critics ten years ago, Annin-type construction 
is now available from many sources. But 
when tempted to consider mere-replicas of 
Annin valves, remember this—they might 
give you a few Annin features, but when 
you specify Annin Valves you get them all! 


THE ANNIN COMPANY 
1040 South Vail Avenue 


VALVE. s Montebello, California 


For more information, turn to Data Service card, circle No. 149 


February 1960 


CHEMICAL ENGINEERING PROGRESS, (Vol. 56, No. 2) 


the accepted’ imilft | 
| the accepteG War 

bad 

} 
1 


OFFEE IS SWENSON "ENGI NEERED" 


RICH INSTANT C 
ers working with leading coffee 


developed spray drying equip- 
t quality 


Swenson engine 
roasters have 
ment which produces the fines 
instant coffee. The many Swenson Soluble 
Coffee Dryers in use today are proving that 
flavor-laden instant coffee is profit—laden 
too. To capitalize on a wealth of experience 
in equipment for the food and other process 
industries, call on Swenson Evaporator 


Company. 


FREE BULLETIN . - . for more infor- 
mation on Swenson Spray Dryers, 
write for Bulletin SW 401 today. 
SWENSON EVAPORATOR COMPANY, 
15690 Lathrop Avenue, 

Harvey, Illinois. 


PROVED ENGIN 
EERING FOR THE PROCESS INDUSTRIES SINCE 18 
89 


WHITING—MANUFACTURE 
RS OF CRANES; 
S; TRAMBEAM HANDLING SYSTEMS; TRACKMOBILES; FOUNDRY AND R 
AILROAD EQUIPMENT 


For more information, turn to 
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Maintain 


Standards 


INSPECT 


@ Locates Skips & Holidays! 
@ insures Complete Coverage! 


@ insures Complete Protection at 
Critical Welds & Corners! 


A tiny pinhole “holiday” in the pro- 
tective coating allows a foothold for 
corrosion to undercut the coating. 
Progressive corrosion follows with 
peeling, scaling and ultimate failure. 


You can’t see these deadly “holidays,” 
they become visible only when it’s 
too late. 


The M-1 TR Holiday Detector accu- 
rately and quickly finds pinholes and 
bare spots in thin film protective coat- 
ings. In operation an electrode is 
passed over the surface. On encoun- 
tering a void or bare spot, a small cur- 
rent flows and a bell rings. Maximum 
applied voltage is 6714 V. 


Engineering Note: 

To insure a perfect application, 
your specifications should include 
TR holiday detector inspection. 
Write for specification guide. 


Different models of TR Holiday Detectors 
are available for pipe or flat surfaces, 
damp or dry surfaces and for portable or 
production line operation. 


Write today for 
technical data and bulletin. 


Quality Control for Coating Application 


417 Agostino Road, P.O. Box 281 + San Gabriel, California 
For more information, turn to Data Service card, circle No. 32 
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Letters to the editor 
from page 23 


per unit weight of iron present in 
the bed will decrease as conversion 
increases since the iron remaining in 
the ore particle is increasingly more 
difficult for the chlorine to reach. 
The assumption that W is directly 
proportional to only the weight of 
iron oxide in the bed neglects these 
diffusion effects since it is assumed 
that all the iron oxide in the ore 
is equally accessible. 

(3) The authors have taken the 
partial pressures of the reactants 
in the rate expression to be that of 
the outlet gas. This tacitly assumes 
that the flow in the reactor is com- 
pletely back mixed in the gas phase. 
Perhaps a better assumption for a 
tubular reactor is that the gas 
phase is in plug flow so that the 
correct partial pressures to be used 
average of the inlet and outlet 
in any rate expression are some 
partial pressures. 

I will be interested to learn if 
the authors have any comments on 
these points. 

M. NADLER 
Roselle, N. J. 


Ed. note. Reader Nadler’s comments 
on the article in question were passed 
on to the authors. Writing for all three 
authors, author Doraiswamy answers 
below, point by point. 


1. It is true that the ratio of the 
mass transfer rate to the chemical 
reaction rate decreases as the tem- 
perature is increased, but we believe 
that by operating at a sufficiently 
high feed velocity (25 ft./min at 
S.T.P.) we have maintained the mass 
transfer rate at a very high, more or 
less constant (neglecting for the 
present the effect of temperature 
on gas velocity) value at all the 
temperatures studied; the 
decrease in this ratio is almost 
entirely due to the expected increase 
in the chemical reaction rate. That 
mass transfer would be the con- 
trolling step at very high tempera- 
tures (or with an extremely active 
catalyst in the case of catalytic 
reactions) is obviously true, and this 
is precisely the reason why we have 
operated at a high velocity and in 
a temperature range of 150°C only. 
Our statement that, at a fixed high 
inlet velocity, the actual velocity 
within the reactor increases with 
increase in temperature was only 


continued on page 30 
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Mallinckrodt Chemical Works, St. Louis, Mis- 
souri, recently announced this new building 
block...a chemical that can go in many direc- 
tions to create new and better products. For 
example, the manufacturer suggests applica- 
tions for dithiooxamide and its derivatives in 
the fields of metal sequestrants, pigments, 
organic intermediates and plant growth 
regulators. 

A new building block with many potentials 
...and as with so many such chemicals, Sul- 
phur is a key ingredient! 


TEXAS GULF SULPHUR COMPANY 


75 East 45th St., New York 17, N.Y. 
811 Rusk Ave., Houston 2, Texas 


Sulphur Producing Unite: Newgulf, Texas + Spindletop , Texas « Moss Bluff, Texas + 
Fannett, Texas « Worland, Wyoming + Okotoks, Alberta, Cauade 


Our business is to produce Sulphur 
...to keep adequate supplies on 
hand at our production units...to 
deliver it in solid form by rail, barge 
or ship; in molten form in trucks, 
a tank cars, barges,or ships. All of the 
properties listed below can supply 
both solid and molten Sulphur. 


For more inforamtion, turn to Data Service card, circle No. 45 
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ls if 
r 
made... 


it’s 
well 
made! 


30’ Dia. Head 
for Special Reactor 
vessel 


MAGNETIC PARTICLE INSPECTION 
FOR QUALITY CONTROL: MASS SPECTROMETER TESTING 
* @ PENETRANT DYE CHECKING 
e X-RAY INSPECTION 

Koven equipment in all metals and alloys includes: High pres- 
sure vessels built to A.S.M.E. Codes; extractors; mixers; stills; 
kettles; tanks; stacks; breechings; hot transfer lines; large di- 
ameter fabricated piping and plate exhaust ducts; shop and 
field erected storage tanks. 


SPECIALISTS IN INTRICATE FABRICATION 
USING: STAINLESS STEEL * ALUMINUM 
* MONEL + NICKEL * INCONEL + All CLAD 
MATERIALS + NICKEL PLATED STEEL 
Fabrication te all AS.M.E. Codes 
Telephone: 


See Sweet's Catalog File and Chemical New Jersey: 
Engineering Catalog FOxcroft 6-0400 


Call or write for a consultation with a MArket 3-8150 
trained KOVEN representative, and New York: 
send for Bulletin #550. REctor 2-1160 


93-C East Dickerson Street, Dover, New Jersey 
For more information, turn to Data Service card, circle No. 140 


Letters to the editor 


from page 28 


meant to indicate that we were 
operating at sufficiently high veloci- 
| ties at all the three temperatures. 
In view of what has been stated 
above, I cannot agree with Mr. 
Nadler’s view that the change in 
mechanism at 750°C is due to mass 
transfer effects. On the other hand, 
it seems more likely that the change 
is of a chemical nature, the precise 
nature of the change being open to 
speculation. 

2. Mr. Nadler’s contention that 
pore diffusion should be taken into 
account is of course reasonable. 
Although detailed studies on the 
| effect of particle size were not car- 
| ried out, we should perhaps have 
| mentioned in our paper the fact 


| that a few preliminary experiments 
| carried out at different particle sizes 
| gave results of a similar nature. Thus 


any anticipated reduction im chlori- 
| nation rate as the reaction progresses 
can, for all practical purposes, be 
neglected and W taken as_ being 


| directly proportional to the weight of 


iron oxides bed. 


3. In a fluidized bed reactor of 
the type we have used, the reactor 
is neither fully backmixed nor tubular 

| but would perhaps tend towards the 
| former. Thus, while the use of outlet 
| partial pressures in our rate equa- 
tion may not be wholly correct, it 
is perhaps the best that could be 
_done since the postulation of plug 
flow is, in our opinion, far less 
acceptable, and introduces a second 


| uncertainty—the kind of partial pres- 


sure average to be used. 

I hope this will answer Mr. Nadler’s 
comments which have been very 
welcome. 

L. K. Doraiswamy 
Institut de Gienie Chimique 


| Toulouse, France 


Author of 1958 


CEP article now 


identifies mystery alloy 


An article entitled “Urea,” of which 


| I was the author, was published in 


the April, 1958 issue of Chemical 


Engineering Progress. The article 


continued on page 32 
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more new impervious graphite 


FALLS 


IMPERVIOUS is produced by 
Falls IndustriesAinder the brand name IM- 
PERVITE. This material is almost universally 
corrosion-prgof. It is immune to thermal shock, 
and provjdes excellent heat transfer (over 8 
times that of stainless steel). 


A sODIAPHRAGM VALVES — Sizes 8”. Leak proof and drip-tight, Fur- 
nished/with hand wheel or electric, pneumatic, or hydraulic opera- 
ar aoa general utility valve for moderate temperature and pressure. 


B At VALVES — Provides straight-through flow without turbulence. 

Double sealed. Handle position indicates valve position. Graphite 

F against Teflon guarantees against sticking. Full-open to fyl.-closed 
7, in quarter turn. Sizes 1” and larger. 


* € PARALEL EXCHANGER — Most inexpensive exchanger. Possible only 
through extremely simplified design. All passages drilled in single 
heat transfer section without joints. Easily cleaned. 


D MODULAR EXCHANGER — Permits limitless exchanger capacity by 
adding units as required. True counter-current flow, no expansion 
problems, unit self supporting, easily converted to other applications. 


EE CONTROL VALVES (Single Port) — Furnished in 1” and 1/2”. Available 
characteristics include quick-opening, equal percentage, and linear. 
Inner valve available to 4” diameter. Split construction for easy 
service. 


F CONTROL VALVES (Double Port) — The only impervious graphite con- 
trol valves. Double port design in 2” and larger. Available charac- 
teristics include quick-opening, equal percentage, and linear. 


G ANGLE VALVES — Designed on piston principle. No seats to score. 
Can't over-tighten. Positive, drip-tight shut-off. Convenient to use. 
Saves cost of 90° ell. Sizes 1” thru 4”. 


DRAIN VALVES (not illustrated) — Designed ex- 
pressly to eliminate possible clogging of drain 
outlets in tanks. Provides automatic clearing 
of outlets. Sizes 2”, 3” and 4”. 


WRITE FOR LITERATURE — Tube 2&2 Sheil, 
Cross-Bore, Parolel, Cubic, Modular, 
mersion, Cascnde, and Bayonet Heal 

changers; Diephragm, Sail, Drain and Cen- 
trol Valves; Armored and Nen-Arnnerd 
Pipe & Fittings; Pumps, Crecibles; Thermne- FALLS @ INDUSTRIES, INC. 
wells; HCL Absorbers ond Complete HCL AURORA ROAD Pe DLON, OHIO 
Plants; Towers: Rupture Disks. 
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-DISC-ROLL MILL 


. 


PRODUCT 
OUTLET 


“GYROTOR" 
AIR 
CLASSIFIER 


PNEUMATIC 
PRESSURE 
CONTROL 


GRINDING 
ROLLS 


GRINDING 
DISC OR 
TABLE 


The Hardinge Dise-Roll Mill is applied to dry grinding of minerals such 
as tale, limestone, coal, phosphate rock, bauxite, clays, celestite, and gypsum. 

The Dise-Roll Mill incorporates pneumatic roll-loading. Since the pres- 
sure on the rolls can be released or increased at will, complete flexibility 
of operation results. The problem of over-loading is eliminated. Also, the 
Hardinge “Gyrotor” Classifier is standard equipment on the Dise-Roll Mill. 
his classifier provides very close control of the finished product over a 
wide range of sizes. Ask for Bulletin 52-40. 


HARDINGE 


COMPANY, INCORPORATED. 


YORK, PENNSYLVANIA + 240 ARCH ST. * Main Office and Works 
For more information, turn to Data Service card, circle No. 52 


32 February 1960 


Letters to the editor 


from page 30 


contained experimental data relative 
to the corrosion rates of various ma- 
terials of construction when exposed 
to urea synthesis conditions. These 
data were obtained during the opera- 
tion of a urea synthesis pilot plant by 
the Spencer Chemical Company. One 
of the materials which was listed as 
having a very good resistance to cor- 
rosion was identified as “Alloy Z.” At 
that time, Spencer Chemical Com- 
pany did not wish to divulge the 
identity of this material. However, a 
recent decision by the company en- 
ables me to identify “Alloy Z” as type 
446 stainless steel. 

G. E. CHENOWETH 
Spencer Chemical Co. 
Pittsburg, Kansas 


Chemical process 
industry featured 
at New York Section 
Lecture Series 


THE CHEMICAL PROCESS industry is 
featured in the 1960 Spring Lecture 
Series of the New York Section. 
Titled “You, Dollars, and the Chemi- 
cal Process Industry,” the six evenin 

lecture-discussions start March 1 wit 

a basic rundown on “What is the 
CPI?” Other sessions take in costs 
and profit accounting, market- 
ing, financing, and governmental 
influences. 

Details of the program are: 

What is the CPI, Lewis Lloyd, 
economist, Dow Chemical. 

Planning and Forecasting, R. W. 
Schramm, general manager, develop- 
ment, Southern Nitrogen. 

Costs and Profit Accounting, K. 
Gutshaw, control manager, Union 
Carbide Chemicals. 

Marketing: Selling and Advertising, 
B. R. Putnam, manager, Petrochemi- 
cals Department, American Cyanamid. 

The Governmental Framework, 
(Patents, anti-trust laws, etc). 

Financing the CPI’s Future Growth, 
F. Williams, president, The Chemical 
Fund, and N. Loud, F. Eberstadt & 
Company. 

Time for the two-hour lectures is 
6:45 to 9:00 PM, set to make com- 
muters happy. Location is the Texaco 
offices of the Chrysler Building, 135 
East 42nd Street, New York City. 
The entire Tuesday night series is 
$15, with individual lectures at 
$5 each. 
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This metering pump has 
STUFFING BOX 


Lapp 
PULSAFEEDER 


CONTROLLED-VOLUME 
CHEMICAL PUMP 


Prevents Costly 
Leakage and Contamination 


Lapp Pulsafeeder is a piston-diaphragm pump having a 

hydraulically balanced diaphragm and a closed hydraulic 

system. Its reciprocating piston action provides accuracy 

of positive displacement while the diaphragm isolates . 

liquid being pumped irom the pump’s working parts. : sucTion 
Eliminates need for stuffing box or running seal . . . STROKE 
prevents product leakage and contamination. Maintenance 

costs, too, are reduced to next to nothing. There are 

practically no repairs or replacement parts. 

All Pulsafeeder pump parts contacting liquid are of 

special corrosion-resistant materials, Pumping speed is 

constant; variable flow results from variation in 

piston-stroke length, controlled manually by hand-wheel, 

or, in auto-pneumatic models, by instrument air pressure . 
responding to any instrument-measurable processing 

variable. Pulsafeeder capacities range from 585 ML per 

hour up to 24 gpm maximum flow and pressures from oe 


minus atmospheric to 6800 psig. 


WRITE FOR BULLETIN 59 containing typical 
applications, flow charts, description and specifications 
of models of various capacities and con- 

structions and special leakage chart. 

Lapp Insulator Co., Inc., Process Equip- 

ment Division, 3716 Poplar St., Le Roy, 

New York. 


For more information, turn to Data Service card, circle No. 29 
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60,000 HOURS... 
WITH BEARING WEAR 


compressor 


Sound unbelievable? Here's how it happened. 

This 125-hp Ingersoll-Rand XLE compressor was installed in 1950 at the 
Standard Products Company in Cleveland. By the summer of 1958 the unit 
had totalled approximately 60,000 hours of operation, aver- 
aging 20 hours a day, six days per week. It was shut down 
for complete annual inspection as part of the plant preventive 
maintenance program. 

Long before the unit was shut down the customer had 
ordered new main bearings to keep in reserve stock in event 
of emergency. It was decided to install the new bearings while 
the compressor was torn down for inspection. When the old 
bearings were removed they were checked for wear and were 
found to be within the original one-thousandth-inch toler- 
ance for new bearings. This means that there was no measur- 
able wear, even after the equivalent of 20 years of “normal” 
operation! 


Of course, these are not ordinary 
bearings. They are aluminum full- 
Hoating bearings, one of the extra- 
value features found only in Ingersoll- 
Rand compressors. These heavy-duty - 
bearings roll with the punch of each 
compressor stroke, distributing the load evenly all around 
the inside and outside of the shell. Their special aluminum , 
alloy has better load-carrying capacity and higher heat 
conductivity than other bearing materials. And they never need adjustment, 
so the running gear may be kept sealed from dust and dirt. 

Ingersoll-Rand compressors have many more extra-quality features that can 
save you money in your plant. Call your I-R representative —he has the solu- 
tion for any compression problem. 


The World's Most Comprehensive 


Compressor Experience ... Ingersoll-Rand 


1-982 1l Broadway, New York 4, N. Y. 


For more information, turn to Data Service card, circle No. 114 
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iF RESTRAINT IS A SIGN of “coming of age,” then 
computers stepped across a significant threshold 
last month. For with a minimum of fanfare, two 
CPI companies revealed they were operating 
computer controlled process plants: Unlike some 
of the announcements of a few years ago, which 
promised all things to all men, the two press 
releases modestly acknowledged that the com- 
puters were controlling a chemical process unit 
About the only blatant note was that each 
claimed to be the first. However, since the 
announcements themselves were dated on consecu- 
tive days, in themselves they tended to negate 
this one, relatively unimportant, point. 

The best thing to be said is that both manu- 
facturers and users are accepting the fact that 
computers are tools which can help to do a 
better job. They have limitations—if only economic 
ones — and potentials which still remain to be 
discovered. 


“Computers can do anything” 


In their introductory stages, all sorts of published 
claims were made for the machines. The “fully- 
automated, completely integrated, thoroughly 
simulated, super-feedback, push-button plant” 
should have been the rule by now if some of 
these predictions had only been practical. Unfor- 
tunately, the over-exuberant claims would not 
hold water; often because the equipment it was 
supposed to monitor and control was not properly 
developed to fit in with the advanced computer. 
Many a plant control room has seen expensive 
data logging and computation machines gather 
dust with the operator preferring his tried and 
true method over the shiny “monster.” While 
the computers got the he adlines, they also were 
rendered a disservice of sorts by being pushed 
a bit too far and too fast in some areas. 

Lack of available data helped to keep computer 
users in the dark as to what others were doing. 
The personal element, which went into much 
programming, often helped to keep others in the 
same organization from benefiting from their 
internal installation. A big corner was turned 
with the formation of the A.I.Ch.E.’s Machine 
Computation Committee a little over a year ago. 
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trends Be 


This was set up to exchange information on various 
programs underway, and each month CEP 
publishes abstracts of these. Going a step further, 
the actual programs are gradually being pub- 
lished in manual form so that for a few dollars 
a company can get a program which cost thousands 


to prepare. 
“Well, maybe not everything” 

This is a big stride from the published material 
of the past, which was a statistical mumbo jumbo 
beyond the scope of most practicing engineers 
who had need tor the tool but had to find ways 
to adapt it to the job at hand. In taking a hard 
look at what the computers could do, the engi- 
neers found there were some things they couldn't 
do—at least not as cheaply as an alternate method 
An article in this issue by Dick Hall of DuPont 
makes this case very well. And in writing he's 
performing a service to both the manufacturers 
of the machines as well as the users. For in 
actuality he’s telling the former how best to sell 
their computer's best points, and the latter how 
best to evaluate their needs. 

The manufacturers have not been completely 
remiss at all. They have been concerned over 
information dissemination and have set up users 
conferences to exchange data on machines of 
their respective makes. Some have worried over 
the excessive capabilities of some of their models 
and have come out with much smaller ones 
tailored to do relatively simple jobs quickly and 
economically, One of these was just recently 
introduced. As witnessed by the recent announce- 
ments they are anxious to let the facts supersede 
“wild blue yonder” prognostications. In short, the 
computers have come through their shakedown 
period and now are in much better shape to be 
used by engineers to do the many jobs which 
lie ahead. 

We'll see more of them put to work than ever 
before, and we'll see new ones developed to do 
jobs a bit too far afield at the moment. But be 
they analog or digital, a combination of both, 
transistorized, electronic or magnetic, the trend 
is such that the users and sellers will both be 
able to approach their jobs more factually and 
with greater confidence. 
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§TRATCO 


VACUUM 


FLASH 


For Continuous 
Dehydration and 
Degasification 


Designed for removal, under vac- 
uum, of small percentages of volatile 
liquids or gases from higher boiling 
point liquids. 


Widely employed in continuous 
lube compounding plants for bright- 
ening of lubricating oils. 


Available in sizes ranging from 
bench scale laboratory units to com- 
mercial 500 GPM units. 


Modified flash evaporators, with 
capacities to 50 GPM are available for 
continuous grease dehydration and pol- 
ishing. 


Representatives 

D 5 Foster Co., Pittsburgh Rawson-Houlihan Co., Inc., Houston 
D. D. Foster Co., S. Charleston, W. Va. The Rawson Co., Inc., Baton Rouge 
Lester Oberholtz, Los Angeles F. J. McConnell Co., New York 


Corporation 
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and 
comment 


Memo In Harvard Business Review an article in the January-February, 1960, 
issue entitled “Thinking Ahead” by Stephen B. Miles, f and Thomas E. 
‘ to management Vail views the challenge to industry presented by professional people. In 


this article, which we recommend to every engineer and to every person 
who has anything to do with managing or utilizing engineers, the authors 
make such statements as, “The time has come for \eattaonion to face up 
to the crucial question of how best to ‘manage’ professional employees . . . 
decision and policy making are becoming more and more dependent on 
technical and specialized knowledge . . . . Often these are the men [the 
professionals] who must make the business decisions and must form the 
basic policy for a company . . . . The essence of decision making in the role 
of the manager is tending to split off from his oe function.” 

We applaud the research done for this article, for it points up many 
editorials we have written along the same lines—about the importance of 
chemical engineers in the chemical process industries and the need to 
recognize their achievements. The executive or administrator of a business 
enterprise makes decisions to spend money, but it is the engineer who 
actually spends it. The engineer decides how the money is to be used 
and selects the processes and equipment for whatever enterprise the 
executives have approved; indeed this very approval often rests on the 
facts that have been developed by the engineering staff. 

To the managers of business enterprises—in the sense of the generalist 
in management, not the engineering manager—we should like to say some 
other things. The chief engineer of a company whose plans for a new 
project give the company a return of 18 percent on its investment instead 
of 16 percent deserves as much consideration as, if not more than, a finan- 
cial vice-president who borrows money at 4.076 percent instead of 4.75 
percent. We also humbly suggest to the generalist manager that the spe- 
cialist executives, such as the plant manager who has the respect of his 
workers so that there are no wildcat strikes in a plant and whose produc- 
tion and efficiency records are of the best, deserve as many pats on the 
back and stuffing of the pay envelope and bonus arrangements at the end 
of the year as does the personnel manager who negotiates a new contract 
with the union. May we go further and say that the plant engineer who 
makes corrosion studies which keep production units operating months 
longer than normally, or who controls quality in his plant in such a way 
that he is able to buy cheaper chemicals and thereby increase profits, 

. deserves as much recognition as the district salesman who sells the results 
of the engineer’s production ingenuity. 

Most engineers, as we have said many times in these columns, work for 
other engineers, and it seems to us that the engineers who are in the top 
echelon should at the meeting of the board of directors talk a little more 
and brag a little more about the vital part that engineers play in the suc- 
cess and health of their particular enterprise. Unless this is done, and done 
intelligently, and unless engineers are rewarded with the same satisfactions 
that keep a generalist management going, there will rapidly come about 
what the Harvard Business Review authors noted as a trend that caused 
them to write the article in the first place: “In recent years more and 
more groups of scientists are ‘walking out’ on management to form their 
own companies. Here they feel that they can control new projects from 
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conception through design and development to production and test... . 
They are . . . reluctant to entrust their brain children . . . to managers... .” 
F.V.A. 
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How to Lower Pot Temperatures in 


VACUUM 


One of the important aims in vacuum 
distillation is to maintain as low an operating 
temperature as possible. High temperatures 
are injurious to many organic materials. 
Particularly, in batch operations, where 
virtually all the heat must be supplied to the 
liquid in the pot, losses due to pyrolysis can 
be substantial. 


Temperature in the still pot depends on the 
STILL POT PRESSURE pot pressure and pot pressure is the sum of 
P=P.+AP condenser pressure and pressure drop through 
A) the packing in the tower. 
Intalox Saddle packing, with a pressure drop 
= 60° to 65% lower than Raschig Rings, 


may permit reductions in pot temperatures 
up to as much as 50° F. 


~~ LIQUID LEVEL 


HEAT 
__fa : If you handle such organic materials as 
essential oils, fatty acids, pharmaceuticals, 
it will pay you well to use Intalox Saddle 
Packing in your distillation processes. 


White fou this booklet— 


packed with technical data { 


every chemical engineer con vee. U. s. STON EWARE 


Free on request 


Write Dept. CEP-260 fj VIALE AKRON 9, OHIO 


U. S. Stoneware, Akron 9, Ohio. 


For more information, turn to Data Service card, circle No. 130 
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PRODUCT is 


Chemical 


growth potentials 
climbing 


in Central U.S.A. 


< FUTURE NATIONAL GROWTH, plus exploitation of 
eo its natural resources and its geographical loca- 
tion, combine to forecast unprecedented devel- 
opment of the area of the Central United States. 
And with its general development must come 


its chemical growth. 


Sulfuric acid, nitrogen, chlor-alkali and petro- 
chemicals are basic to the future of the chemical 
industry as a whole, and, naturally, to its growth 
in this region. A quick look at these four aspects 
of the industry in the area leads to a consistent 
overall conclusion: the outlook is bright. 


Sulfuric Acid... . 


J. H. 


Chemical Co 


Stauffer 


Photo courtesy 


Zwemer and C, M. 


Daily production capacity expected to increase 
to 25,000 tons by 1975. That’s up from current 
15,000-ton regional capacity. 


nic acip, the “work horse” 


of industry, is the largest tonnage 
product of chemical industry. Its pro- 
duction in 1957 was roughly eight 
times that of aluminum, seven times 
that of copper and a third more than 
that of lime. It is not a detectable part 
of a supersonic jet plane, a rocket to 
explore space, a miracle drug or an 
electronic computer, but without it 
these and most of our daily needs 
could not exist. Even with so funda- 


mental a position in the chemical 
industry, sulfuric acid is affected by 
many factors that must be considered 
in forecasting its future: Available 
raw materials, price trends and avail- 
ability of the product itself when and 
where needed. 

The raw material situation is com- 
plex because of the great number of 
source materials available. The more 
important are: 

(1) Frasch-process and recovered 
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elemental sulfur, as well as crude 
elemental sulfur ores. 

(2) Metal sulfides, such as pyrite, 
pyrrhotite, zine and copper sulfides. 
(3) Hydrogen sulfide from oil re- 
fineries and “sour” natural gas. 

(4) Sludge and spent acids from 
refineries and organic processes. 
More and more sulfuric acid is being 
recovered from by-products for two 
very good reasons; (1) to prevent air 
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and stream pollution, and (2) to 
realize values heretofore uneconomi- 
cal to recover. For example, a re- 
finery can manufacture sulfuric acid 
from burning waste H,S or sludge 
acid, 

In 1955, with a total U. S. popula- 
tion of 175 million people, six million 
long tons of sulfur were consumed. 
By 1965, with an estimated popula- 
tion in the U. S. of 195-200 million, 
sulfur consumption should approach 
eight million long tons. If it continues 
to follow the Paley Commission pre- 
diction, it will reach approximately 10 
million long tons in 1975, twice as 
much as in 1950, 

All indications are that ample sup- 
plies of sulfur will be available to meet 
the predicted consumption over the 
next few years at a normal growth 
rate, Considering the midwestern area 
specifically, raw material for sulfuric 
acid manufacture will continue to 
come predominantly from the Gulf 
Coast area in the form of Frasch- 
process sulfur. There are indications 
that more and more sulfur will be 
recovered from natural gas as the 
petroleum industry continues to probe 
for more oil. 
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Figure 1. World sulfur supply. 
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Figure 2. Annual sulfuric acid production. 


With the exception of the rayon 
industry, end uses have had very good 
growth patterns. However, this is not 
the whole story needed for determin- 
ing a future trend, Changes in indi- 
vidual industries may or may not 
include the use of sulfuric acid. For 
example, fertilizer makers used 40% 
of all sulfuric acid produced in 1940, 
but only 35% in 1955. This is due to 
increasing consumption by other in- 
dustries and “leveling off” of demand 
by the fertilizer industry. 

While the use of sulfuric acid in the 
fertilizer industry was “leveling off,” 
chemical use jumped from 13% in 1940 
to 21% in 1955. The chemical indus- 
try will continue to depend upon this 
cheap acid in its growth. The petro- 
leum industry has been a. steadily 
growing outlet for sulfuric acid and 
promises a solid future. Should the 
future swing toward nuclear fuels, 
sulfuric acid already has a foothold in 
this industry for the processing of 
uranium ores. The steel industry pro- 
duction swings with the national 
economy and uses sulfuric acid in 
proportion to steel production. There 
appears to be no good substitute for 
sulfuric acid as a pickling agent so 
that continued use can be expected. 

Use of sulfuric acid in the future 
will also depend upon price. In the 
past twenty years the price has ranged 
between $17 and $23 per ton on a 
national average basis. This is a small 
increase compared to the increase for 
other products that go to make up our 
cost of living. We doubt that a similar 
increase in the price of sulfuric acid 
over the next 10-20-year period would 
affect its widespread use. 

The Paley Commission report con- 
cluded that the nation would require 
25 million tons of sulfuric acid by 
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1975. This appears to be a conserva- 
tive figure in that 16 million tons were 
produced in 1957. 

The 25 million ton production of 
sulfuric acid by about 1975 is 155% 
of the production for the year 1957, 
while the Federal Reserve Board fig- 
ure for all industrial production is 
150% of that for 1957. The Federal 
Reserve Board chemical production 
for about 1975 is 185% of that for 
1957. From these comparisons, it is 
seen that the sulfuric acid production 
forecast by the Paley Commission is 
illuminating but low. 

Since the Paley Commission Report 
was based on the 1950 figures for 
production, it is interesting to note 
how total production has correlated 
with the forecast, even though some of 
the forecasts for individual uses were 


Dean 


J. H. Zwemer joined Monsanto in 1936 
after obtaining his MS from the U. of 
Michigan. After early work on organic 
chemicals, he became plant manager 
of Monsanto's Norfolk operation. A five 
year stint as general manager, produc- 
tion and research, for Smith-Douglass 
Co. preceded his return, in 1958, to 
Monsanto as asst. director of engineer- 
ing sales. C. M. Dean, who wrote the 
latest revision of the sulfuric acid sec- 
tion of the Encyclopedia Britannica, has 
been with Monsanto since 1930 when 
he was superintendent of the Acid Divi- 
sion. He became director of engineering 
sales in 1952. 
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in error. For example: Ammonium 
sulfate production was to increase 
200% but actually there was no in- 
crease from 1950 to 1957 and it is 
generally predicted by fertilizer au- 
thorities now that perhaps its use will 
decline as a fertilizer. At the same time 
a considerably greater upsurge than 
predicted in the use of sulfuric acid 
tor wet phosphoric acid production 
more than offset the ammonium sul- 
fate loss. This illustrates that while 
the individual product forecast may 
be in error, the final composite of all 
individual uses may be essentially cor- 
rect. This is further evidence that esti- 
mates of future production of products 


End uses of sulfuric acid 
include: 

Fertilizer ....... 35% 
Other chemicals. . 25% 
Petroleum industry 11% 
Pigments ....... 9% 
Steel industry ... 6% 
Rayon industry... 5% 
Other uses ..... 9% 


that are used widely throughout all 
industry, such as sulfuric acid, can be 
made with a fair amount of accuracy, 


The Nitrogen Industry . . . 0. sous 


Nitrogen demand of 3,000,000 tons in 1975 will be half 


MARKETS 


barring unforeseen national emergen- 
cies or catastrophes. 

The present daily capacity of pro- 
duction of sulfuric acid in Central 
United States (excluding Texas) is 
15,000 tons, less than one third of the 
national capacity of 52,000 tons. The 
upsurge in sulfuric requirements for 
fertilizers is expected to begin in the 
middle 1960's when the increased 
population in the country will have 
the large surplus of farm 
products. On this basis, in the year 
1975, the daily capacity of sulfuric 
acid in the Midwest may be 25,000 
tons, an increase of two thirds over 
the present capacity. 


total U.S. demand at that time. Modest capacity increase 
looked for with annual capacity of 2,600,000 already in- 


stalled in area. 


Narioxwms CONSUMPTION of fixed 
nitrogen almost trebled from 1,100,000 
tons in 1947 to 3,100,000 tons in 
1958. During the same period, con- 
sumption in the Central States nearly 
quadrupled from 400,000 tons to 
1,550,000. The growth rate for the 
nitrogen industry during this period 
was among the highest in the chemi- 
cal industry and that as a whole grew 
at three times the average rate for all 
industry. 

The Central States consumption 
pattern has been similar to the na- 
tional pattern. The Central States have 
taken a gradually increasing share of 
the nitrogen consumed until today 
the area uses about 50% of the total 
and of the agricultural nitrogen con- 
sumed in the country. Nitrogen to 
agriculture throughout the postwar 
period has been substantially constant 
at 75% of the total nitrogen consumed 
in the country and in the Central 
States. Agriculture has thus been 
dominant in the industry's growth. 


Production in the nitrogen industry 
leads one inevitably to ammonia al- 
though the market for ammonia alone 
is somewhat limited; most synthetic 
nitrogen is consumed in nitrate or 
other combined forms. The nitrates 
are made by catalytic oxidation of 
ammonia which process results in a 
significant loss of nitrogen from con- 
version inefficiency. Processes to fix 
nitrogen directly with oxygen, most 
recently the Wisconsin Process, have 
not proved competitive with the am- 
monia route. 

Of the ten ammonia plants in the 
U. S. in 1932, only one small plant, 
accounting for 3% of the total produc- 
tive capacity, was using natural gas 
as the source of its hydrogen: the bulk 
of the hydrogen then used in the 
industry was derived from coke. By 
1959, economic considerations dic- 
tated an almost complete conversion 
to natural gas or by-product refinery 
gas, with about 87% of capacity now 
based on these sources. Two recently 
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installed ammonia plants are operating 
on coke-oven gas and one projected 
for North Dakota considered lignite. If 
the prices of natural gas and petro- 
leum increase, future economics may 
again favor solid fuels, such as coal 
or lignite, as hydrogen sources, Of 59 
ammonia plants in the United States, 

continued 


Frank O. Agel joined 
the Solvay Process 
Div. of Allied in 
1927 after receiving 
his BS from Cornell. 
He worked on the 
original design and 
operation of the 
Hopewell Ammonia 
plant. Serving as 
principal chemical 
engineer in the development dept. of 
the Nitrogen Section from 1939 to 
1951, Agel played an important role in 
the expansion of the nation’s ammonia 
capacity. In 1952 Agel became director 
of development, and in 1958 was ap- 
pointed vice president of the Nitrogen 
Div. in charge of R&D. 
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Figure 3. Projected nitrogen consumption in U. S. and Central States. 


42 February 1960 


CHEMICAL ENGINEERING PROGRESS, (¥ 


32 having a combined annual capacity 
of 2.6 million tons of nitrogen are 
located in the Central States area. All 
but six of these plants utilize natural 
gas or petroleum as the source of their 
hydrogen. The plants in the Central 
States area constitute 54% of the plants 
and 62% of the total capacity of the 
United States, a remarkable growth 
from only two plants in 1940 with a 
total annual capacity of only 8000 
tons of nitrogen. 

Following rapid growth in both 
productive capacity and consumption 
from 1947 to 1954, an imbalance de- 
veloped in the industry that today 
gives a surplus of capacity over con- 
sumption of about 1 million tons of 
nitrogen per year. Industry-wide, this 
means that 25% of installed capacity 
is not now being used, a figure esti- 
mated to be as high as 40% idle 
capacity in the Central States where 
growth of productive capacity has 
been greatest in recent years. 

In the five-year period, 1955- 
1963, population and market require- 
ments for farm products are expected 
to rise about 7-8%. But the annual 
flow of products from farms in the 
last few years has exceeded market 
requirements by as much as 4% annu- 
ally according to Department of Agri- 
culture figures. This may be expected 
to continue under government control, 
and agricultural production rates and 
fertilizer demand are unlikely to in- 
crease very rapidly. 

To offset this, a number of new out- 
lets for nitrogen may open appreciable 
new markets: 


Agriculture 
1. The economics and techniques 
of forest fertilization continue to re- 
ceive intensive study. 

2. Combinations of urea and _ for- 

maldehyde look promising for pro- 

viding nitrogen in slowly available 
form. 

Industry and defense—raw materials 
1. As the defense program develops, 
new ways may be perfected to 
utilize more effectively the older 
nitrogen-containing materials, such 
as ammonium nitrate, nitroglycerin. 
and TNT. 

2. Nitrogen-containing synthetic fi- 
bers such as nylon, Orlon, Acrilan 
and Dynel have been on the market 
for some vears, and others are in 
various stages of development. 

3. Nitrogen compounds are becom- 

ing increasingly important in the 

rocket program as oxidizers and 
fuels. 

4. Ammonium nitrate in quarrying 

and strip mining has continued to 
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increase rapidly in competition 
with other explosives. 
Industry—processing chemicals 

1. Ammonia in wood pulping is 

gaining acceptance in the paper 

industry. 

2. Plastics and Textile finishes 

based on nitrogen materials, such 

as urea and melamine, show good 
growth potential. 

For short range, the assumption that 
the 1950-1954 rate of growth will be 
resumed appears unwarranted. It is 
suggested this rapid increase in con- 
sumption may have been deferred 
demand, and decrease in average an- 
nual growth rate since domestic capac- 
ity exceeded consumption in 1954 
appears to support this view. We be- 
lieve that an average annual increase 
in consumption of 100,000-150,000 
tons of N from 1958 to 1963 is likely. 
This means excess capacity will still 
exist in the U. S. in 1963 and more 
so in the Central States. 

One of the more predictable factors 
in the long range growth of the nitro- 
gen industry is demand resulting from 
population increase. Dr. Rex F. Daly 
of the USDA has summarized 1975 
requirements over 1956 as follows: 
(1) an increase in crop production of 
one third and (2) an increase of at 
least 40% in need for livestock and 
livestock products. 

Production of food needs for 1975 
will have to be obtained from sub- 
stantially the same farm acreage avail- 
able at present. Thus, the productivity 
of those acres now under cultivation 
will have to be increased. Higher 
vields per acre are being routinely 
obtained by agricultural experiment 
stations and progressive farmers 
through use of fertilizer at higher ap- 
plication rates. Based on current 
European practices, the potentialities 
of this approach have only begun to 
be realized in the U. S. For example, 
compare annual average U. S. con- 
sumption of 10 Ib. N per arable acre 
with 31 in the United Kingdom, 46 
in West Germany, and 156 in the 
Netherlands. 

Thus, the long range prospects are an 
increasing market for present and many 
potential new uses, some of which 
will surely materialize. Total nitrogen 
demand of about 6,000,000 tons N 
will probably be attained in the 
United States by 1975 with about 
3,000,000 tons of this demand re- 
quired to fill the needs of the Central 
States. Obviously, with 2,600,000 tons 
of annual nitrogen capacity already 
installed in the area, only a very 
modest increase in capacity will be 
required to meet projected 1975 re- 
quirements. 
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The Chlor-Alkali Industry 


H. McConneus and Kema.e S. Lewis 


All factors, including a slower growth rate 
in the past, point to accelerated growth in the 
future for whole country and will affect the 


chlor-alkali industry. 


N ationat FUTURE GROWTH and ex- 
ploitation of resources combine with 
central geographic location to give 
unprecedented acceleration to the de- 
velopment of the Central United 
States—and the chlor-alkali industry 
will automatically participate in this 
growth. Chlorine, caustic soda and 
ash are the three largest tonnage prod- 
ucts of this industry. Numerous other 
related products are also made, Chlor- 
inated solvents, organic intermediates, 
and agricultural chemicals are ex- 
amples of chlorine-requiring products 
manufactured captively by chlorine 
producers, Similarly, numerous grada- 
tions of alkalies other than caustic soda 
and soda ash are marketed by the 
alkali industry. Bicarbonates, sesqui- 
carbonates, potassium-based alkalies, 
silicated alkalies and special blends 
for various cleaning applications are 
familiar. 

Of the industry's three principal 
products, chlorine has enjoyed the 
most rapid rate of recent growth. Na- 
tionally, production of chlorine has 


McConnell Lewis 


W. H. McConnell joined Diamond Alkali 
in 1928. A Business Administration 
grad from Penn State, he became asst. 
director of sales for Diamond in 1945, 
director of sales in 1946. In 1953 he 
was made vice president for sales, and 
named to his present position of vice 
president for marketing in 1958. K. S. 
Lewis, market analyst in the General 
Sales Dept. has been with Diamond 
since 1947. From 1948 to 1954 he was 
with the Chicago Branch sales office, 
becoming product sales manager, Plas- 
tics Div., in 1954. Lewis is an MS 
graduate from U. of Michigan. 
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grown at about a 10% average annual 
rate during the period 1948-1957. It 
reached 3,947,000 tons in 1957. By 
tar the biggest “appetite” for chlorine, 
country-wide, is in the manufacture 
of chemicals: an estimated 82% of the 
total output goes for this purpose. 
Pulp and paper, the next largest con- 
sumer, requires 14% of the total. 
Lesser quantities for sanitation, tex- 
tiles, and export make up the balance. 

The consumption pattern in the 
Central United States is similar. 
Chlorine producing facilities in Wichi- 
ta, St. Louis and Calvert City consume 
substantial portions of their output in 
captive operations making chemicals. 
These three captive operations are 
estimated to require al 125,000 
tons of chlorine per year (roughly 
45% of the chlorine producing capac- 
ity in the area) for chlorinated sol- 
vents, agricultural chemicals, other 
chlorinated organic products and hy- 
drogen chloride. 

Beyond these three major concen- 
trations, use of chlorine in this area 
for chemical manufacture is rather 
widely dispersed, product-wise and 
geographically. Chlorine is used to 
produce sodium hypochlorite bleach 
in large plants in St. Louis and Kan- 
sas City and in smaller plants through- 
out the area. Chlorinated cornstarch 
in lowa, metallurgical requirements 
in Arkansas, and muriatic acid for 
acidizing oil wells represent a few ex- 
amples of other chemical require- 
ments, 

In the pulp and paper industry, 
chlorine has been supplanted or sup- 
plemented to a limited extent b 
chlorine dioxide; however, it is still 
used in sizeable quantities by the con- 
centration of mills in Arkansas and by 
mills elsewhere in the area. 

Sanitation—the treatment of water 
and waste by municipalities and in- 
dustry—requires increasing quantities 
of chlorine. More stringent stream pol- 


yout 


February 1960 43 


=... 

~ 


continued 


jution laws, coupled with greater 
utilization of available water sources, 
ave meant more use of chlorine for 
sanitation, 

United States’ caustic soda produc- 
tion in 1957 reached 4,348,000 tons. 
On a national basis, chemicals con- 
sumed the greatest tonnage. Rayon- 
‘film, pulp and paper, soap and clean- 
ers, and petroleum refining are other 
chief consumers. 

In Central United States, caustic 
soda is also used in making a wide 
range of chemicals. While there are 
no rayon plants in this area, three 
cellophane plants located in Kansas, 
lowa, and western Indiana are cap- 
ible of consuming in excess of 70,000 
tons per year. Petroleum refining 
»perations in the area require an esti- 
mated 33,000 tons per year. Pulp and 
paper plants and soap and detergent 
yperations, large and small, through- 
uit the area add to caustic consump- 
tion. 

Nationally, soda ash production in 
1957 totaled 4,995,000 tons, which 


‘Se, A Sodo ash plants 
@Chliorine - caustic soda plants 


Chlorine-caustic soda and Soda ash plants 


is greater than the tonnage of either 
of the other two products. The largest 
consuming industry is glass manu- 
facturing with heavy concentrations 


Petrochemical Industry 


Tuomas CuBBAGE 


Future growth in central states not tied to 
past performances; specific segments of the in- 
dustry must be considered, and new growth 
factors may have important impact. 


FE IS EASY TO ENTHUSE about the 
future of the petrochemical industry. 
But few people have the insight and 
imagination to do justice to the actual 
growth we fully expect in the next 
decade. The industry is continuing to 
ramify and is growing in new direc- 
tions all the time. Perhaps our best 
course is to trace out some of the 
present leads the industry is following, 
always realizing that mere projection 
of the past is unlikely to fit the 
future. 

1. Ammonia plants scattered over 
the area of the Central United States 
have been largely built in the past ten 
years. An ample supply of ammonia 
and stiff competition in the fertilizer 
market effectively prevents expansion 
at these plants much beyond the re- 
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quirements of the surrounding market- 
ing area, Future growth can be 
gauged by the demands of the local 
markets for fertilizer nitrogen. 

2. The automobile tire industry, 
largely located in the eastern states, 
with a heavy concentration around Ak- 
ron, Ohio, once drew its requirements 
of carbon black almost entirely from 
the Texas Panhandle and western 
Kansas. The long freight haul for this 
important rubber chemical could noi 
be avoided because this was the only 
location where adequate gas was avail- 
able. Also, the production of channel 
black is an inherently smoky, air-pol- 
luting process best accomplished at a 
distance from any urban development 
and so well suited to this western lo- 
cation. 

A few channel black plants: still 


of glass plants in Illinois and Okla- 
homa. Chemical manufacturing runs a 
close second. Soaps and cleaners, 
metals processing, pulp and paper and 


operate in West Texas but no new 
capacity is being built. Instead, new 
plants make only the oil furnace 
blacks; these give superior perform- 
ance when compounded with synthetic 
rubber. Stack gas from the oil-furnace 
black plants can be made quite clean 
by use of bag filters, and carbon black 
production is no longer oriented to 
cheap gas supply and an isolated pro- 
duction area. New plants are spring- 
ing up in the Gulf Coast area along- 
side refineries that can furnish the 
special oil feedstocks. That area also 
provides cheaper transportation to 
both U. S. and foreign rubber com- 
pounding centers. 

3. At several locations in the area 
only petrochemical raw material is 
produced—a stream of pure aromatic, 
olefin or paraffin, a polymer stream 
such as diisobutylene or propylene 
tetramer, or an oil stream suitable for 
carbon black feedstock or for rubber 
compounding. An operation to use 
these intermediates may not be justi- 
fiable at the location. 

4. The Mississippi waterways sys- 
tem, including proposed extensions 
to the navigable system on the Mis- 
souri and Arkansas Rivers, has _at- 
tracted operations to utilize this im- 
portant water transportation. 

5. Petrochemical operations have 
also located with respect to large re- 
finery operations, as at Chicago and 
St. Louis, and with respect to natural 
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water treatment are other major 
markets. 
Producing facilities for soda ash are 


located around the periphery of our 


central area. The more concentrated 
areas of consumption in I}linois, Okla- 
homa and Arkansas are adequately 
served by plants in Michigan, Ohio, 
Louisiana and Texas. The Wyoming 
plant, producing soda ash from trona, 
can serve most Central U. S. locations. 

In looking toward the future of 
caustic soda and soda ash, we must 
look first at the future of the country 
as a whole. All indications are that 
the 60's will be booming times for 
business. The future will hold more 
than a mere projection ot ihe current 
trends. Technological developments 
will bring forth new products ana 
create new industries that cannot be 
envisioned today. New plants will be 
required everywhere to satisfy the en- 
larged national appetites. Within the 
area of the Central United States, all 
factors, including a slower rate of 
growth in the past, point to acceler- 
ated growth in the future. This will 
also affect the chlor-alkali industry. 


gas pipelines. Ammonia synthesis 
based on by product hydrogen, pure 
hydrocarbons, detergent intermediates 
and various higher boiling oxygenated 
hydrocarbons comprise the main re- 
finery petrochemicals in the area. 
Ethylene derivatives and lower molec- 
ular weight alcohols, aldehydes, etc., 
are all based on light hydrocarbons 
from natural gas. The outstanding 
light-hydrocarbon petrochemical oper- 
ations in the area include Dow Chem- 
ical Company at Midland, Michigan; 
National Petrochemicals Company at 
Tuscola, Illinois; Olin Mathieson 
Chemical Corporation at Branden- 
burg, Kentucky; and Texas Eastman 
Company at Longview, Texas. 

The future growth of the petro- 
chemical industry in the central states 
is not going to be simply an extrap- 
olation of past performance, either 
as to rate or pattern. Specific seg- 
ments of the industry must be con- 
sidered in predicting future growth 
and new growth factors may have an 
important impact: 

(a) With its ability to produce 
over 4,500,000 tons annually 
pared with demands from agriculture 
and industry totalling only 2,700,000 


com- 


tons, the ammonia industry is cur- 
rently suffering from acute over- 
capacity. No expansion is foreseen 


until available capacity is more fully 
loaded. Increased food demands of 
our swelling population must ultimate- 


MARKETS 


Central U. S. A. refineries 


ly boost nitrogen fertilizer production 
above present levels. 

(b) Aromatics will become more 
generally available at refineries and 
a more extensive chemical program 
based on aromatics may develop. 
Benzene, toluene and the xylenes 
are starting materials for many rela- 
tively high priced intermediates for 
the rubber and plastics industries 

(c) Although producers of large 
volume, low-priced petrochemicals are 
obliged to locate close to markets or 
near cheap transportation of their 
products, this is less important to the 
producer of higher priced specialty 
chemicals. Availability of research 
facilities and trained technicians may 
be the key to a best location for spe- 
cialties manufacture. Many locations 
in the Central States have much to 
offer in this regard. 

(d) Acetylene production in the 
Central United States area is almost 
entirely obtained from calcium car- 
bide. So far, the production of petro- 


T. L. Cubbage is 
vice president and 
general manager of 
Phillips Chemical 
Co. (Phillips Petro- 
leum). Joining the 
company in 1926, 
Cubbage was made 
asst. superintendent 
of the Plains buta- 
diene plant in 1943, 
guperiatendent in 1944. He moved to 
Bartlesville general headquarters, and 
his present position, in 1951. 
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chemical acetylene, using natural gas 
or lighi hydrocarbon as feedstock, is 
confined to the Gulf Coast. Cheaper 
raw material is probably the major 
reason for this. Improved processes 
now available for the production of 
petrochemical acetylene need careful 
study. Acetylene-derived petrochemi- 
cals could get a big boost in this area, 
if acetylene made from natural gas 
becomes competitive with carbide 
acetylene. 

(e) Most ethylene production now 
comes from cracking ethane, propane, 
or butane and the Gulf Coast region 
attains special importance in the 
ethylene picture largely because of 
availability of these feedstocks. In 
spite of the many gas pipelines cross- 
ing the Central States area new ethyl- 
ene operations such as those at Tus- 


cola, Illinois or Brandenburg, Ken 
tucky, are unlikely, 
This area is at a disadvantage in 


the production of ethylene chemicals 
as long as processes requiring light 
hydrocarbon feed stocks are used 
Economical production of ethylene 
from heavier oil fractions would be an 
auspicious development for this area. 

Future growth thus depends on 
many factors; only constant study and 
an intelligent insight into the signifi 
cance of developments can pinpoint 
the important situations, Important 
growth may be the result of favorable 
factors plus your bright ideas on how 


to make them work. * 
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PRODUCTION Cost, plant 
investments, and profits has become a 
highly developed art among chemical 
engineers. Such activities are ac- 
cepted as an integral part of nearly 
every stage of development and _re- 
planning, and most other 
phases of running a chemical com- 
pany. It is surprising, therefore, to 
find that most companies are satisfied 
with estimates reflecting only current 
conditions—today’s prices. 

This seems unreasonable, Chemical 
technology is becoming more complex 
every day. It now takes an average of 
two years to build and run a new 
plant efficiently, even where the plant 
is practically a duplication of an exist- 
ing unit within the company. Five- 
to ten-year common. 
Proper planning demands that costs 
and profits be evaluated on a dynamic 
basis. 

Where such needs are recognized, 
cost estimates are sometimes prepared 
for one or two years ahead, usually by 
applying some over-all escalation factor 
to the total costs, without any attempt 
to examine individual cost com- 
ponents. Yet, a more detailed exami- 
nation of individual costs may prove 
quite valuable, 

The forecasting of costs and profits 
should provide management with a 


search, 


payouts are 
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chemical process plants. 


tool that is valuable in many ways. 
It will show the trends in the costs 
and profits of a product or series of 
products. A detailed study will also 
highlight the relative importance of 
individual costs in the future profit- 
ability of the products, and may point 
to production factors which must be 
watched carefully and modified, if 
possible. 

Actually, all that is proposed here 
is that two arts of chemical manage- 
ment be combined to yield a dynamic 
management tool. It makes use of the 
talents of the chemical engineer for 
calculating cost estimates, and of the 
economist and market evaluator for 
predicting future costs and prices. 
Both arts require talent, knowledge, 
and experience, especially the last 
item. 

Nothing need be detailed here on 
cost estimating. This discussion will 
deal mainly with forecasting such costs 
and showing some results. Forecasting 
can take many forms. Historical trend 
analysis is an important method. In 
this, past data are studied to deter- 
mine their trends, and such growing 
and declining trends are extrapolated 
for a short period into the future. 

A refinement of trend analysis is 
cycle analysis, where the effects of 
business or social cycles on an indi- 


vidual commodity or service can be 
examined and forecast. The insect in- 
festation cycle in the U. S., for ex- 
ample, has an important bearing on 
the demand of pesticides. 

Another important forecasting tech- 
nique is correlation analysis, where an 
economic factor under consideration is 
related to some independent, predict- 
able economic or social phenomenon. 
A good example of this kind is the 
correlation of U. S. chemical produc- 
tion to the Gross National Product of 
the country. 

The survey of executive and busi- 
ness opinions is probably the easiest 
method available, but often is also the 
most misleading. This procedure is 
simply a compilation and evaluation 
of predictions and opinions by various 
experts. As such, it usually reflects 
the current vogue or mood of the in- 
dustry and business community, and 
does not demand too much indepen- 
dent thought from the forecaster. 

Usually, two or more methods will 
be used for reliable forecasting, de- 
pending upon the degree of accuracy 
required and the data available. This 
presentation combines mostly trend- 
analysis and the survey-ot-executive- 
opinions methods. 

Typical components of a cost esti- 
mate are shown in Table 1. For the 
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purpose of this discussion, only an 
over-all plant investment figure is 
used. Production costs are broken 
down in detail (too many for most 
forecasting purposes). Sales expenses 
are added to this list. All these indi- 
vidual components, however, will be 
discussed later when a sample cost 
estimate will be presented. 


Economic conditions 

For the next five years, the U. S. 
economy is expected to experience a 
growth trend fairly similar to the 
1955-1958 period. By 1964, neither 
a major military conflict is expected to 
develop, nor any substantial reduction 
in the expenditures for military and 
defense purposes. Such budget items 
should be maintained somewhere 
along current levels. 

For the past five decades, the pur- 
chasing power of the dollar has been 
decreasing at an average of 2.5% /yr. 
In other words, prices have been in- 
creasing at this rate. Figure 1 shows 
these trends in the prices of consumer 
products. Actually, since the depth of 
the depression, the consumer price 
level has increased at a sharper rate; 
but since 1947, the price rise has re- 
turned to the 2.5% annual trend. In 
recent years, inflation has been kept 
even further in check. During 1959, 
it will probably be only about 1.5%. 

This illustrates an important fact. 
The trend lines (or annual rates of 
increase) may vary widely with the 
period of years considered (or the 
base year used). In effect, it is im- 


portant to recognize the changes in 
these trend lines or rates of change. 

In examining the trend in inflation, 
it becomes obvious that the consumer 
price index has been increasing at a 
decreasing rate. In consequence, a 
curb on the use of the consumer price 
index is indicated. This should be 
due to such factors as active govern- 
ment intervention in the economy, 
more careful government budgeting, 
a new balance in the bond and equity 
markets, a less favorable balance of 
trade, etc. Most important, the public 
has become very conscious of taliation. 
Despite all types of pressures, the gov- 
ernment should reflect this public 
sentiment, no matter who wins in 
1960. 

The net result should be a further 
modification in inflation, with the 
average annual increase to 1964 ex- 
pected only at 1%/yr. It is interesting 
to note that chemical prices since 
1947-1948 have increased at a slower 
rate than consumer products, aver- 
aging only about 1%/ yr. 

The Gross National Product (GNP) 
is an excellent measure of the state of 
the economy. It reflects the sum total 
of the value of all goods and services 
produced by the country. Since 1929, 
the GNP has had a very rapid growth 
rate, averaging about 5.5%/yr., Figure 
2. On a deflated basis, in 1957 dol- 
lars, the average growth has been 
only 3.0% annually. This 2.5% differ- 
ence is the inflation factor previously 
mentioned. 

The 3% growth rate for the real 
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Figure 2. The Gross National Product 
has risen about 5.5%/yr. since 1929. 


GNP is expected to continue under 
the assumptions made above. Since 
inflation is expected to continue at 
only 1%/yr., the GNP in current dol- 
lars is predicted to rise a total of 
4%/yr., on the average, during the 
next five years. This puts the 1964 
GNP at $570-580 billion (in current 
dollars). 


Costs 

Plant investment, including both 
actual construction costs and the vari- 
ous auxiliary costs associated with a 
new plant, are expected to increase at 
an average rate of 5%/yr. This is con- 
sistent with the past record of chemi- 
cal construction costs, as indicated by 
the Marshall & Stevens Index in 
the graph on page 46. This means a 
28% rise in construction costs by 1964. 

The working capital depends 

mainly on the costs of inventories and 
other short-term cash requirements. 
For simplicity, such working capital 
can be raised by the relative change 
in both production and sales costs. 

Raw materials must be evaluated 
on an individual basis. Each major 
component of material input should 
be examined historically, and its future 
supply and demand weighed, to esti- 
mate future costs. For the hypotheti- 
cal example presented later, a 3%/ yr. 
price increase will be used. 

The hourly wages of chemical pro- 
duction workers can be used as a 
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Figure 3. In the past decade, the hourly wages of chemi- 
cal production workers has risen at slightly higher than 


5%/yr. 


measure of labor costs; both wages 
and labor overhead. Figure 3 shows 
these data since 1939, as compiled by 
the Bureau of Labor Statistics. In the 
past decade, such wages have risen at 
a rate slightly in excess of 5%/yr. 
There is little to indicate any reduc- 
tion in this inflationary move. A 
5%/yr. wage increase can be con- 
sidered reasonable. This 5%/yr. in- 
crease should consist of about a 3.5% 
rise in real, deflated wages, a 0.5% de- 
crease in working hours, and the 1.0% 
inflation factor. 

Fuel prices are governed usually 
by long-term contracts, geographic lo- 
cation, and local conditions. The price 
history of crude oil, coal, and natural 
gas at the well or mine are shown 
in Figure 4. Crude oil can be ex- 
pected to rise 3%; natural gas, 4%/ yr. 
The expected 4% increase in gas costs 
represents field-related cost, about % 
of the total costs. The other % of such 
costs should follow the 1% inflation 


Table 1. Components of typical cost 
estimates. 
CapiraAL INVESTMENTS 


Plant investment Working capital 


PropuctTion Costs 

Supplies 

Packaging 
Laboratory 

Plant Overhead 
Taxes and Insurance 
Administration 
Depreciation 
Freight Allowance 


Raw Materials 
Labor 
Utilities 
Gas 
Steam 
Water 
Electricity 
Maintenance 


SaLes 
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Figure 4. Fuel prices 
are governed by many 
factors. 


increase, resulting in a combined in- 
crease for gas of 3.25%/yr. 

Coal prices have fluctuated in recent 
years, with no discernible trend. 
Prices have been stable due to the 
benefits of mechanization. Produc- 
tivity in mines has shown a fairly 
spectacular improvement during the 
past decade. Productivity is not ex- 
pected to continue to increase in the 
future. The inflationary trend should 
start to take effect in the future at 
about 1%//yr. 

Of the various utilities, steam costs 
depend on the source of energy. In 
the example cited later, gas-derived 
steam is used, increasing 3.25%/yr. 
Both water and electricity costs are 
assumed to have cost trends in line 
with inflation, 1%/yr. 

An index of plant maintenance 
costs was published until recently. 
Such data from 1947 through 1958 is 
shown in Figure 5. This eleven-vear 
period shows a steady rise of between 
4 and 5%/yr. Such costs can be ex- 
pected to increase by the 4% rate for 
the next five years. Maintenance costs 
include both materials and labor. 

Depreciation for a 1959 plant re- 
mains constant. For a plant to be 
built in 1964, such charges will be 
28% higher, reflecting the 5% rate of 
construction costs, General plant over- 
head, laboratory, research, sales, and 
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similar costs should increase at be- 
tween 3.5 and 4.0%, or about 
3.75%/yr. Such miscellaneous charges 
as supplies, packaging, taxes, and in- 
surance are expected to follow the in- 
flation trend of 1%/yr. 

Freight rates, in general, have been 
rising at a 5% rate (Figure 6). Allow- 
ance for freight, when applicable, is 
expected to increase at a rate of 5% 
annually for the next three years, and 
2% for the last two years. This gives 
an over-all five-year increase of about 
20%. 


Sample estimate 


simplified production-cost es- 
timate for hypothetical chemical inter- 
mediate, Poly-X, is shown in Table 2. 
An 11.2¢/lb. production cost is esti- 
mated under today’s conditions. Only 
one raw material is used in its manu- 
facture, accounting for 45% of the 
total manufacturing expense. Labor 
and utilities are roughly 10% each; de- 
preciation, 15%. An average freight 
allowance is included, but no royal- 
ties or license fees are paid. Sales 
expenses for this bulk BP neo are 
estimated at 0.2¢/lb. 

The middle column in Table 2 lists 
the five-year factors as derived from 
the annual growth rates previously ex- 
amined. These are the annual interest 
rates, compounded yearly for five 
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Figure 5. The index of plant maintenance costs for the 11- 


yr. period shown has risen steadily. 


years, and converted to a decimal fac- 
tor. This technique is valid, since in 
most cases a straight-line trend analy- 
sis was deemed of sufficient accuracy 
for this particular purpose, Multipli- 
cation of the individual 1959 cost ele- 
ments by their respective cost factors 
results in the 1964 costs in the right- 
hand column. In this instance, a 15% 
increase for the five-year period is 
indicated; a rate of about 3%/ yr. 

In the case of Poly-X, about 65% of 
the increase is expected to come from 
raw material costs and labor. This 
situation should hold true in most 
cases, since these items generally 
account for at least 50% of manufac- 
turing costs. No change is indicated 
for depreciation, since it is a fixed 
item. 

Although it is informative to ex- 
amine changing costs alone, the effect 
of such changes on the profit and re- 
turn on capital employed is usually 
interesting only to top management. 
The left-hand column in Table 3 ex- 
amines the current conditions. At a 
price of 17¢/Ib. of Poly-X, the return 
is 17%; the payout-time, a little under 
four years. The investment figures 
are in ¢ Ib. of annual capacity. 


Cziner Copulsky 

R. Cziner is planning manager for the 
Chemical Group, W. R. Grace. Formerly 
with United Merchants and Manufac- 
turers as economist, Cziner has a BChE 
degree from Brooklyn Polytechnic 
Institute. and an MBA from Columbia 
University. W. Copulsky is business 
development director of the Chemical 
Group at W. R. Grace. With the com- 
pany for nine years, he was assistant 
to the president of Aries consulting 
firm. Copulsky has a BS in chemistry 
and a PhD in Business Administration. 
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With the plant built in 1959, the 
1964 costs will yield a lower profit, a 
return of only 12%, and a payout of 
just under five years. Of course, the 
supply-demand-price forecast for Poly- 
X assumes no change from 1959. 
This may not be the case with most 
chemicals. They can be expected to 
sell at either a higher or lower aver- 
age price during 1964. The slight in- 
crease in the working capital is due to 


Table 2. Poly-X production costs, ¢/Ib. 

1959 Facrorns 1964 
1.16 
1.28 


Raw materials 5.0 
Labor 1.0 
Utilities 
Gas 0.1 
Steam 05 
Water 0.2 
Electricity 0.3 
Maintenance 
Supplies and pack- 
aging 
Laboratory 
Plant overhead 
Taxes and insurance 
Administration 
Depreciation 
Freight allowance 


to 


Sales expenses 


Table 3. Poly-X profits, ¢/Ib. 
1964 
1959 1964 PLAN’ 
Plant investment 15.0 15.0 192 
Working capital J 1.8 


Investment 16.5 


21.0 


Production and 
sales costs 
Price of Poly-X 


Profit: pre-tax 
post-tax 
Return on investment 

Payout-time, yr. 
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Figure 6. Freight rates have been rising at about 


the generally-forecast rise in most 
costs. 

The effect of postponing a decision 
to build a Poly-X plant today is also 
shown in Table 3, The capital re- 
quirements should be about 27% 
higher. The 1964 manufacturing and 
sales costs will increase, due mainly to 
a higher per-pound rate of deprecia- 
tion, The return is cut to 9%; the pay- 
out-time, extended slightly to 5.5 
years. 

It may be practical to take only a 
few key cost factors into consideration. 
These may prove sufficient for a par- 
ticular case to give satisfactory re- 
sults. It is important to recognize that 
these dynamic forecasts are appli- 
cable for both rising and declining 
cost trends, for periods of inflations 
and depressions. 


Forecast perspective 


Cost and price forecasts are based 
on assumptions, opinions, projections, 
correlations, and guesstimates, It is 
experience and a good business sense 
which give them their real signifi- 
cance, Any experienced practitioner 
of the art of forecasting will be frank 
to point out that a 20%-reliability 
range is very good, Anything better 
is usually luck. A long-range forecast 
useful yurpose, even if it 

the trend. 


a 
only correctly inc 

In effect, then, in dynamic-cost fore- 
casting, the art of forecasting is added 
to the art of estimating costs. The 
combined reliability will depend on 
the accuracy of both techniques. As 
long as the chemical manager recog- 
nizes the inherent limitations of fore- 
casting as well as he understands the 
accuracy of cost estimating, long- 
range cost estimates can become a 
very useful tool. Like any evaluation, 
they should be reviewed and adjusted 
periodically, 

The estimation of future costs can 
give management a dynamic insight 
into the factors which make up the 
cost of a product. a 
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Resurgence of 


Duane M. FEELEY 
Arthur D. Little, Inc. 


European chemical industry 


Increasing competition from the revived chemical industry of 


Kurope means double 


trouble for U.S. 


industry. 


Internally 


within Europe, American chemical exporters will face shrinking 
markets. Elsewhere the Europeans will present sharply increas- 


ing competition. 


iA COUPLE OF YEARS ago, a_ vice 
president of Arthur D. Little said that 
it would not be too long before the 
majority of our market studies would, 
of necessity, have to include consider- 
ation of international as well as U. S. 
markets. This prediction is coming 
true. The chemical industry is grow- 
throughout the world, and in 
many areas, particularly in Europe, it 
is growing more rapidly than in the 
United States, European economies 
ihave recovered sharply since the end 
sof World War Il. Since 1950, the 
‘total industrial output of the six Euro- 
pean countries comprising the major 
part of the European Common Mar- 
_ ket has increased 76%, while the U. S. 
‘output has increased 27% in the same 
‘period. The combined population of 
these six countries (Belgium, France, 
W. Germany, Italy, Luxembourg, 
Netherlands) is approximately the 
> same as that of the United States, but 
> their Gross National Product is rough- 
ily half that of this country, In addi- 
s tion to the Common Market, a new 
alliance of seven European countries, 


the so-called “outer seven,” which 
consists of England, Norway, Sweden, 
Denmark, Austria, Portugal, and 
Switzerland, comprises an area con- 
taining 90 million people with a Gross 
National Product of about 90 billion 
dollars. This new European alliance is 
scheduled to come into being soon, 
when the agreement is ratified by all 
the participating countries. 

The Common Market countries are 
important producers of chemicals and, 
using 1953 as the base year, their 
chemical industry is growing at a rate 
roughly twice as fast as that of the 
U.S. chemical industry. 

Key individuals concerned with the 
international chemical scene discussed 
this situation at a seminar sponsored 
by A. D. Little and demonstrated 
that the U. S. chemical industry 
is vigorously moving into the Euro- 
pean Market the 
“outer seven” areas. U. S. firms see 
a reasonable repetition of U. S. ex- 
perience in large markets, free move- 
ment of trade, and some external pro- 
tection. They are relying on U, S. 


Common 


know-how in large-scale production 
and mass merchandising as major ad- — 
vantages in this market. A number 
of companies are moving into these © 
areas to protect export markets that 
could, and probably would, be satis- 
fied by local industry if they did not 
make such a move. Thus, the con- = 
sideration of foreign chemical mar- - 
kets and the influx of products made 
in foreign countries are looming larger © 
when new projects are being con- = 
sidered. The chemical engineer con-— 
ducting market research will be called 
upon more and more to be knowl- 
edgeable in this area. 
The future of all chemical engi- © 
neers here, whether in market work or ~ 
not, will be indirectly, and perhaps = 
directly, affected by the rapid expan- 
sion of the chemical industry in 
Europe, either because of the activi- 
ties of American firms abroad, or be- 
cause of increasing competition from — 
European firms in the U. S. and 
foreign markets now served by Ameri- © 
can firms. 


INDICES OF CHEMICAL SIZE AND GROWTH IN EACH COUNTRY VS. THE U. S. 


Belgium 


France 


1953 100 
1954 117 
1955 127 
1956 136 
1957 ul 


Sales 
(millions of $) 520 
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3210 


Germany, 
Western 


100 


ltaly 


157 


3910 2030 


United States 
Chem and Industrial 


Netherlands Allied Prod. Chemicals 


100 


25,400 


Source: The Chemical Industry in Europe, OEEC, January 1959. U.S. data from Survey of Current Business, U.S. Department of Commerce 
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. . . . Chemical economics 


A tool 
in 
market 
analysis 


As BUSINESS PLANNING begins to 
delve into the questions of profitabil- 
ity, break-even and the effects of a 
delay in plant start-up or market de- 
velopment, chemical engineering eco- 
nomics and chemical marketing anal- 
ysis will in time find themselves 
welded together. This will be because 
of the integrated business studies that 
will be necessary for the improvement 
of existing products, the introduction 
and commercialization of new prod- 
ucts, and the location of plants to 
serve the markets for either existing 
or new products. 

The potential profit from a new 
project must be related to the invest- 
ment of both time and money in a 
way that will conform with the objec- 
tives of the company. The relation- 
ship between investment and the like- 
lihood of success must be established 
as early as possible. Research like al- 
most everything else is becoming 
more costly. It has been the conten- 
tion that new product projects should 
have their engineering economic eval- 
uation started long before they reach 
the pilot plant stage (1). “Market 
studies can be used to point out the 
most profitable market and shorten 
the development time and expense re- 
quired to reach them commercially. 
And oftentimes a_ relatively small 
amount spent on market analysis can 


ECONOMICS 


FACTORY 
Cost 


TOTAL 
Cost 


SELLING 
PRICE 


MAIN TENANCE 
Materials 
Labor & Supervision 
OPERATING OPERATING SUPPLIES 


- RAW MATERIALS 
CONTAINERS 


OPERATING LABOR 
OPERATING SUPERVISION 


Fue) 
CONTROL LABORATORY 
MISCELLANEOUS 


EMPLOYEE BENEFITS 
PLANT SUPERINTENDENCE 
PLANT PROTECTION 


| 
| 


ROOM 
PROPERTY TAXES & INSURANCE 
DEPRECIATION 


ADMINISTRATIVE EXPENSE 
SELLING EXPENSE 

Freight & Delivery 
RESEARCH EXPENSE 


INTEREST 


NET EARNINGS 
Dividends 
Retained Earnings 


INCOME TAXES 


Figure 1. 
and diverse costs. 


save expenditures of many thousands 
of dollars of research funds that 
would have been spent developing 
technology or products that were un- 
marketable. 

There are many cases where a 
product or process has flopped not 
because it did not produce but be- 
cause the market would not support 
the product. Any company with a fair 
amount of operating experience has a 
few of these tucked away in its skele- 
ton closet. They are rarely brought 
out for public view. However, at a 
recent American Chemical Society 
meeting (2) a number of these cases 
were exhibited for review. In_ these 
stories there was only one product 
whose main trouble was in the tech- 
nology. In all the others the failure 
of the product was in the marketing. 

This article will not discuss how 
to improve market analysis in cases 
such as these but how chemical en- 
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The selling price must 


take into consideration these many 


gineering economics can join with 
market analysis to help to establish 
some of the parameters in a market. 
It will touch briefly on four subjects: 

1. Setting a selling price 

2. Make or buy decisions 

3. Sizing a plant 

4. Locating a plant 
and then conclude with a brief hypo- 
thetical case on an application. 


What's the price tag? 

When a selling price is set on a 
chemical, by necessity this price has 
to cover all the expenses and materials 
that have gone into the production of 
the product, as well as providing for 
earnings which will pay income taxes 
and net earnings to pay dividends 
and to plow back into the business, 
Figure 1, 

In many studies you will want to 
know the contribution which each 
item makes to the total cost or selling 
price. In a comparison of alternate 
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PLANT 
OVERHEAD 

OVERHEAD 
EARNINGS 

| 


processes on an over-all basis, signifi- 
cant differences might be lost unless 
the costs are broken down step-wise. 
You can spot the items that might be 
changed or improved to advantage. 
This method of analysis is especially 
convenient for trying to balance out 
such things as increased investment 
against a saving in labor and how 
production costs will vary with the 
scale of operations (3, 4, 5, 6). 

In the field of marketing the exclu- 
sion chart can be used as a general 
— for quick pricing of a prod- 
uct. This is entirely an empiric val re- 
lationship showing the price at which 
a product must sell if it is to enjoy 
commercial success in a competitive 
market. The procedure is to take 
known products selling in the market 
and plot) quantity of production 
against their price. This then gives a 
relation that aon that unless a prod- 
uct of a given type can be provided 
for less than a certain price, for ex- 
ample 25¢ a pound or ee for cy- 
clic intermediates, it is excluded from 
enjoying a market above 3 million 
pounds a year. One particular exclu- 
sion chart was prepared by Herman 
Zabel of Roger Williams, Incorpo- 
rated (7, 8). 


Make it or buy it? 


An area which always involves en- 
gineering economics is make or buy 
decisions. A company cannot be too 
thorough in its evaluations. The main 
criterion usually is the return on in- 
vestment. In times past a shortage of 
raw material has led many companies 
to consider an integration on the basis 
of “Damn the cost, we need the ma- 
terial.” However, the best situation 
would be where the return on invest- 
ment is at least as good as the return 
of the most efficient producer and at 
worst equal to the average of the 
industry, but in no case should it be 
lower than the yield of current oper- 
ations to the company, 

Essentially this is the balancing of 
the production of a given raw ma- 
terial against the use of the money 
in other projects that may be avail- 
able. The volume should be large 
enough to justify an economic pro- 
duction unit, Often the total require- 
ments of the company are such that 
it could consume the output of a 
minimum-sized plant. However, be- 
cause of scattered consumption points 
within the company, such a decision 
is not logical because the freight and 
handling costs of the material would 
reduce the return on investment to an 
unattractive level. 

These decisions should be viewed 
not solely from the engineering eco- 
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nomics involved but also from the 
marketing analysis, whether present 
suppliers may become competitors be- 
cause of your decision to produce, and 
a study of the competitive position 
that you would enjoy if such became 
the case. 


How big a plant? 

The consideration for sizing a plant 
for growth is becoming one of con- 
tinuing interest. It is becoming more 
and more the policy of the chemical 
industry to build excess capacity so 
as to maintain position in the market 
place. However, some plants can turn 
out to be white elephants. The over- 
sizing of plants obviously is better 
suited for maintaining position in 
large volume, well-established chemi- 
cals rather than for new products 
whose markets depend to a great ex- 
tent upon the development activities 
that are yet to come. It is also quite 
obvious that some degree of risk must 
be faced in any project and the more 
over-capacity that one has, the more 
risky the entire venture becomes. 

It is not only the case of the plant 
that is being sized for growth, it may 
be a determination between the cost 
of carrying inventories to meet sea- 
sonal demand and sizing a plant to 
be able to meet the peak demand. 
The extent to which new facilities can 
be minimized or balanced may have 
very important cost ramifications. 
Sizing of the plant more often be- 
comes one of the economics of mar- 
keting rather than of engineering 
economics. 

There have been 
made on sizing of a plant and how 
one would approach it. Jim Weaver 
has published (9) an analysis chart 
which is an excellent example of uti- 
lizing a plant on a given manning 
schedule rather than scheduling the 
plant for around-the-clock operations. 
This, of course, applies only in the 
operation of plants that operate non- 
continuously or that can be started up 
and shut down without having a great 
amount of off-specification material 
and without causing undue damage 
to the process equipment. 

In the operation of continuous 
plants it appears (10) that the setting 
of a minimum rate of return by the 
company and a determination of the 
variable cost of the product seem to 
set the number of years in the future 
for which one can economically build 
plant capacity regardless of the antici- 
pated growth, 


Where to put it? 


Marketing has more and more come 
to play a determining part in the 


several studies 
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location of a plant. Increased trans- 
portation charges on both raw mate- 
rials and finished goods have made it 
necessary to pay closer attention to 
plant location. The idea of the vari- 
ance of production cost or marketing 
with transportation cost is not new 
to the chemical literature (11). The 
marketing considerations Rs slowed 
down plans such as have often been 
proposed in the past where any re- 
finery having a capacity of 25,000 
barrels a day was a potential site for 
a 100,000- pound ethylene plant for 
a petrochemical ope ration. 

Because of the growing inter-rela- 
tion between new methods of trans- 


portation and new modes of delivery, 


Figure 2. Unit cost versus volume 
can affect decision as to which process 
to use. 


markets must be continually ana- 
lyzed as to possible cost savings and 
new competitive situations. 

The coming of the 20,000-gallon 
king-sized tank car, the increasing im- 
portance of water transportation, the 
use of collapsible rubber containers 
to transport bulk liquid and _ plastic 
materials, and systems like the re- 
cently inaugurated sodium carbonate 
slurry, are all factors in somebody's 
market. 

There have been propositions to 
establish chemical pipelines (12, 13) 

handle chemical products in the 
same manner as gasoline and other 
petroleum stocks have been handled 
for years. An early study of this (14) 
showed that a market in excess of $70 
million might be opened up by the 
building of petrochemical pli ints in 
the midwest rather than in the south- 
west. These and other similar develop- 
ments with their market implications 
have effects which are economic in 
nature. 

Making a case 

Assume for the moment that you 
have two new processes, Figure 2, for 
the production of phenol. Process “A” 
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calls for the oxidation of liquid ben- 
zene by means of ozone at low pres- 
sure, moderate temperatures, using 
uranium oxide as your magic catalyst, 


and in Process “B” you have a new 


dehydrogenation catalyst that will 


allow you to catalytically dehydroge- 
nate cyclohexanol or cyclohexanone. 
In any case, you have the new proc- 
esses and want to know where they 
will stand in the market place. 
Obviously, a market analysis of a 
standard product such as phenol can 
be made with relative ease. Most con- 
ditions of the market can be judged. 
The problem that remains for you is 
the determination of whether you can 
be competitive in the market, main- 
tain or lower prices, and produce a 
satisfactory return on the investment 
for your company with an eagle eye 


petitive economics. Does a sulfonation 
plant have low cost sulfuric acid and 
caustic available? Is there a conven- 
ient outlet for the sodium sulfate-so- 
dium sulfite by-product? Do the chlo- 
robenzene-caustic plants have captive 
and/or low cost chlorine? Is the Socal 
requirement such that heavy freight 
equalization is not necessary to move 
the large volume required to justify 
the continuous Raschig plants? An 
adequate acetone market and the 
markets for acetophenone and methyl- 
styrene are important to the cumene 
plants. With these things determined, 
you can see if your processes have the 
production economics necessary to 
compete. 

Assuming Process “A”, the follow- 
ing case was set up: 


1. The payout would be figured 


100 
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N 


J \ 


% Of capacity 


50 
/ Z 
40 
{ 
0 | 2 3 a 5 6 tf 8 9 10 
Investment ($1,000, OOO) 


Figure 3. Relationship of selling price, percent capacity, and investment. 


to the probability that present pro- 
ducers may bring pressure to bear. 

Your market survey as to where 
producers of phenol are located shows 
that the greatest number of plants are 
the coal tar ovens but that they pro- 
duce only 0.3% to 0.7% phenol for 
each pound of coal tar produced and 
in total they represent less than 5% 
of the total You then list 
the benzene sulfonate plants, the 
chlorobenzene-caustic plants, the chlo- 
robenzene Raschig and the 
cumene plants. 

You then study the plant location 
and process to try to get at the com- 


against the plant investment 

and not include working capital. 

A five-year payout from the 

time of the start-up of the plant 

would be the maximum accept- 
able time. 

3. The minimum acceptable re- 
turn would be that the plant 
operations meet all of its own 
expenses, depreciation charges, 
taxes, interest charges, and sink- 
ing fund payments over the 
five-year period. 

4.The plant would be sized to 

have a capacity of 2 million 

pounds a month. 


to 
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5. Raw material per pound of pro- 
duced product is constant re- 
gardless of the percentage of 
capacity of operations. 

6.The other charges for opera- 

tions other than those of raw 

materials would be fixed regard- 
less of the percentage of capa- 
city. 

. Depreciation would be on a 

straight line 10% basis. 

8. Sales, administrative and re- 
search overhead expenditures 
would each be 5% of sales. 

9. The full fixed asset cost of the 
plant would be paid off in five 
years with a payment of 20% 
made each year end, 

10. Interest on the borrowed money 
would be 6% of the unpaid bal- 
ance. This 6% rate on the un- 
paid balance of a five-year liq- 
uidating note would average 
1.8% of the total amount over 
the five-year life of the note.— 
Accountants Handbook 

11. Federal income taxes would be 

52%. 

Depreciation money would be 

used for debt retirement. 


12. 
It is now possible to start the cal- 
culations. To do this, you will have, 
Cc Capacity of the plant = 24 » 


10° I. 
p Percent of plant capacity sold 
R Net realization dollars per 
pound 
G General overhead 
(100—a—s—r) where 
a = administrative expense as 
percent of sales = 5% 
s sales expense as percent 
of sales = 5% 
r research expense as per- 
cent of sales = 5% 
m Raw Material and Containers 
$0.0675 Ib. 
f Fixed cost plant overhead 
$540,000 yr. 
I = Investment 
P = Payout in year = 5 year 
d = Depreciation rate percentage 
10% 
t Net income after tax rate per- 
centage = 100 — 52 = 48% 
i Interest rate adjusted to aver- 
age annual percentage = 1.8% 
CxpxR Total Income 


Income after gen- 
eral overhead 
(Cxpxm)-+f = Cost of goods sald 
Subtracting; 
(GXCXpXR) —(CXpxm) — f 

money available for: 

interest charges 

depreciation 

income tax 


GXxCXpXR 


net income 
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1/P Average annual cash gener- 
ation required 

ld depreciation throwback 

(1/P—Id) Average annual after 
tax net income needed 

(1/P—Id)/t — Average annual be- 
fore tax income needed 

li Interest charges 

(GxC xp xR) — (Cx pxR)—f 

(L/P Id) /t+-Id+-li 

Substituting, you get; 


10° p»R 
0.326 
(SQ.081 10° » p) 


0.526 


$540,000 


Since it is usually possible to have 
an available cost for a given plant 
size you may substitute the plant cost 
for 7 and if your market analysis has 
shown you how the anticipated mar- 
ket development may take place in 
quantity, solve for 
p ~ the percentage of operation which 
in turn will give you the price that 
is required to meet the conditions 
that have been set up. 

The percent of c apacity of opera- 
tions is an average figure for five years 
of operation. If, tor example, you ‘have 
estimated that the plant would operate 
at 45% of capacity the first year, 509% 
the second, 60% the third, 70% the 
fourth, and 80% the fifth, the average 
would be 65% for the five vears and 
would be the figure to use with the 
chart. 

It should be realized that while 
this chart, Figure 3, is on an average 
basis that if in the early years of 
the plant operation it were below 
the break-even point and this were 
the only operation of the corporation, 
then a different situation would apply 
because of the loss recoupment that 
would be possible in the tax-loss carry 
forward in the profitable years. The 
principal effect of this would be the 
requirement of a much higher per- 
centage of operation in the latter years. 

A similar chart could then be made 
for Process “B” and it might show 


it is possible to 
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that while unit costs were greater at 
lower capacities, the accumulated 
profits were bigger because of in- 
creased earnings at higher volumes. 

This plan may also be used as a 
form of an exclusion chart which 
would show what could be paid for 
the fixed assets of the plant at varying 
capacities. 

On new products, if you have esti- 
mated plant costs and an average 
expected market development rate, it 
is possible to determine at what price 
the product will have to be sold to 
meet your profit requirements. This 
may be determined for alternative 
processes. These prices then can be 
compared to the proper exclusion 
chart to see if they fall within the 
inclusion area of volume and price. 
If they do not, then you either have 
to be satisfied with a lower profit, 
realizing your vulnerability to a de- 
clining price or simply not enter the 
business unless your new product has 
unusual properties which will allow 
it to have some very specific uses for 
which the customer is willing to pay 
a higher price. 

While most of the discussion has 
concerned itself with the evaluation of 
new capacity or the sizing of a plant 
and price setting for a new product, 
most of the information is equally 
valuable in determining when opera- 
tions should be discontinued or at 
what capacity present facilities will 
have to be operated at various prices 
to yield a satisfactory return. At least 
one study has been published about 
discontinuing operating units (15) 
which the market analysis has shown 
to be declining. This in essence, is a 
variation of the break-even chart. 

The break-even chart (16, 17, 18) 
is the most clear and concise way for 
the engineer and market analyst to 
synthesize and see clearly a great vol- 
ume of data as to price variance, mini- 
mum sales, profit potential 
required for a given plant size. 

These techniques are used not only 
in a market but in national studies 
(19) which have integrated into the 
study labor costs, their possible fluc- 
tuations, the location of markets, the 
variance of different factors as to 
whether they are high or low invest- 
ment industries, and the various price 
and consumption levels. 

It is even possible to bring the 
game theory into use in determining 
the size of a plant and whether 
it is best to build a small plant or a 
medium plant with expansion possibili- 
ties or other alternatives. These have 
been studied in one published (20) 
hypothetical case. While it is known 


that there has been some use of this 
as a tool, no actual cases have ap- 
peared in the literature nor is it ex- 
pected that they will for some time. 

The challenge of the decade of the 
sixties to the chemical industry has 
already been made. Population is 
certain to be growing, and as natural 
resources steadily decline in quantity 
and quality, it is expected that chemi- 
cal technology will be looked upon to 
feed, clothe, shelter, maintain, and 
defend the population through the 
production of plastics, synthetic fibers, 
fuels and rubbers, the harnessing of 
nuclear and solar energy, the improve- 
ment of renewable resources and the 
development of reclaiming processes. 
Chemica! engineering economics is 
certain to be an indispensable tool in 
the analysis of these future markets 
as they develop. 
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]-Computer control of processes... 


_.. Mathematics 
is the key 


Economic justification and equip- 
ment availability still leave many 
technical problems to be solved. 


— HAS BEEN considerable specu- 
lation recently as to the possibility of 
the computer control of chemical 
processes. The implementation of such 
control, however, presents many diffi- 
cult and intriguing technical problems, 
aside from the economic justification 
and the hardware required. This 
article outlines some of these problems 
and reports on a research program to 
investigate the measurement and com- 
putational requirements for achieving 
such control. 


Conventional process 
control design 

Consider the simplest possible situa- 
tion, a process with a single input and 
a single output. The output (temper- 
ature) c(t) is to be maintained at 
some desired value by changing the 
input variable (steam flow) u(t). The 
classical approach to such a problem 
is indicated in Figure 1 with the 
following comments: 

a. The actual output of the process 
is determined by physical measure- 
ment and converted into some conven- 


ient form such as electric voltage or 
air pressure. 

b. The desired process output (set 
point) r(t) is compared with the actu- 
al process output c(t) to give the 


error signal. 


e(t) = r(t) — c(t) (1) 


c. The low-power error signal is 
converted by the controller into a 
high-power electric or pneumatic sig- 
nal which actuates a transducer. In a 
simple case, the controller may be 
simply an amplifier or it may incorpo- 
rate rate (derivative) and reset (inte- 
gral) action as well. 

d. The transducer converts the con- 
troller output into a physical quantity 
which directly affects the process. 
Thus, the transducer may be an elec- 
tric, hydraulic, or pneumatic valve- 
positioner which changes the flow of 
steam to the process. 

In engineering such a system, the 
process, the means of physical meas- 
urement, and the transducer are usual- 
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Engineer operates an IBM Tape 
Reader in conjunction with IBM 
1620 computer. 


ly given (or are selected from) a 
small number of possibilities. The job 
of the control system engineer is then 
to design the controller. This task 
frequently entails little more than 
determining whether or not certain 
available types of controllers will do 
the job. For instance, in the simplest 
case the controller may be an ampli- 
fier which has one adjustable param- 
eter, the gain. The gain required for 
meeting the performance specifications 
of the system (for instance, the 
steady-state error, which is roughly 
inversely proportional to the gain) 
may be such that the over-all system 
will be unstable. In this case, the con- 
troller must be modified to stabilize 


February 1960 55 


MATHEMATICS 

a 
4. | i 

Sy. 
: 

=| 

ia. 


...1n carrying out the design steps it is generally taken for granted that the 
dynamic characteristics of the process will change only slightly . . . 


the system. In general, one starts out 
with a simple configuration and then 
modifies it until the desired perform- 
ance specifications are met. There are 
many ways in which this (essentially 
trial and error) procedure may be im- 
proved but these need not be dis- 
cussed here. 

The ability to obtain the necessary 
physical measurements on the input 
and output is assumed in this scheme 
and in all subsequent discussion. 
While this may, in itself, represent a 
serious problem, it will be assumed 
that such measurements are always 
possible. 


Digital control philosophy 

If a digital computer is to be used 
as part of the control system a differ- 
ent approach may be made. Instead 
of having any preconceived notions 
about what the controller should be, 
the following question may be asked: 

What must be the input u(t) to the 
process at any instant of time and 
under any circumstances to achieve 
the desired output c(t)? 

This is essentially the same question 
facing the manual operator whose job 
is to manipulate u(t), (the valve 
opening in the previous example). 
More specifically, to instruct a com- 
puter about how to change u(t) from 
time to time, it is necessary to have 
three different types of information. 

a. It is necessary to specify the 
desired behavior of the process. This 
is essentially a management, not an 
engineering decision. For instance, 


Error 


one may wish to optimize quality, 
throughput, gross profit, etc. 

b. It is necessary to know what 
happens when a known input u(t) is 
applied to the process. This is equiv- 
alent to knowing the process dynam- 
ics. Such information can be obtained 
with adequate accuracy only by 
actual physical measurement. 

c. Since it is impossible to have 
identically-zero error e(t) (deviation 
from desired behavior) at all values of 
time, there must be available some 
measure of the “badness” of the error 
when it is not zero. This is called an 
error criterion, or loss function. Error 
criteria are subjective; they are largely 
arbitrary and depend on the particular 
type of process controlled and on the 
preference of the designer. 


Advantages and disadvantages 


For the rest of this discussion, it 
will be assumed that the computer in 
question is a general-purpose digital 
computer, The chief advantages of a 
digital computer are flexibility and 
adaptability. It is not necessary to 
specifically design a digital computer 
for a particular control job, it is only 
necessary to program it. 

In carrying out the design of a con- 
trol system according to the principles 
outlined in subsequent sections, one 
is led to a number of mathematical 
equations. These equations can al- 
ways be reduced to a series of arith- 
metic operations—or better still, they 
can be derived with this objective in 
mind at all times. Regardless of what 


detection 


r(t) e(t) 
Error 


Controller 


u(t) 


these arithmetic operations are, the 
digital computer can be programmed 
to solve them—provided that it has 
sufficient speed and capacity for stor- 
ing numbers and _ instructions. The 
role of many different pieces of equip- 
ment (amplifiers, corrective networks, 
integrators, etc.) is taken over by the 
digital computer. Since the digital 
computer can perform the required 
operations with practically infinite ac- 
curacy and repeatability, hardly any 
“hardware” problems arise, and the 
design of the overall control system 
can be considered essentially com- 
plete once the program for the digital 
computer has been specified. Much of 
the know-how in any digital-computer 
controlled system will be incorporated 
in the program. 

A decisive advantage of using the 
digital computer for control over pres- 
ent-day procedures is that in carrying 
out the necessary design steps, it is 
generally taken for granted that the 
dynamic characteristics of the process 
will change only slightly under any 
operating conditions encountered dur- 
ing the lifetime of the control system. 
Such slight changes are foreseen and 
are usually counteracted by using 
feedback. Should the changes become 
large, the control equipment, as origi- 
nally designed, may fail to meet the 
performance specifications. By contrast 
the computer can repeat the sequence 
of calculations leading to the “best” 
choice of u(t) at any time. Such a 
control system then operates always 
at, or near, the optimum conditions, 
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Figure 1. Conventional control arrangement for the simplest possible situation of single input and single output. 
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provided only that changes in the dy- 
namic character of the controlled proc- 
ess do not occur more rapidly than 
the speed with which the computer 
adapts itself to changes in its sur- 
roundings. This may be considered an 
extension of the feedback principle. 
More will be said later concerning 
this feature of digital control. 

The principal disadvantage of a 
computer-controlled system stems 
from the flexibility of the digital com- 
puter, which is an expensive and 
complicated device. Particular atten- 
tion must be paid to operating a com- 
puter-controlled system in an optimal 
fashion. There must be considerable 
improvement in performance over 
conventional control systems to justify 
the added cost and complexity. This 
points to uses in large plants such as 
in the chemical industry, where over- 
all control is mainly manual for vari- 
ous reasons; or to fast processes, where 
manual control is insufficient. More- 
over, computer-controlled systems re- 
quire more refined methods of engi- 
neering (in the sense of specifying a 
relatively sophisticated program for the 
digital computer) and much attention 
must be paid to matters which in con- 
ventional systems (due to limited flexi- 
bility) have to be overlooked, but 
which significantly affect the overall 
performance of a complex system. 


Sampling 

Because a digital computer is a ma- 
chine that operates with numbers, it 
cannot directly accept information 
which is a continuous function of 
time, such as the voltage from a 
thermocouple, or the pressure from 
a flowmeter. For this reason, con- 
tinuous physical measurements must 
be converted into numbers in some 
fashion. This operation is called samp- 
ling. An instant of time when a meas- 
urement is converted into a number is 
a sampling point; the corresponding 
number, a sample. 

No matter how often one samples, 
some information is always discarded 
in the process. However, this loss is 
often insignificant. In fact, if the sig- 
nal x(t) to be sampled can be pre- 
sented in this form. 


neN 
rit) = yee 


where = \V 


then it can be shown that the follow- 
ing is true. 
Sampling Theorem: If the aver- 
age number of sampling points/ 
unit time is greater than Nw/7 
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(greater than twice the highest 
component frequency of the sig- 
nal x(t)) then the original signal 
x(t) can be reconstructed as accu- 
rately as desired from the sam- 
ples 


z(t), ----, 


provided one is willing to wait 
for a sufficiently long period of 
time. 

In less precise language, the sam- 
pling theorem says that the behavior 
of a “smooth” function between sam- 
pling points can be always recon- 
structed with arbitrary accuracy by 
means of some scheme of delayed 
interpolation, provided one knows the 
values of the function at a large num- 
ber of sampling points. Note that the 
sampling theorem does not require that 
samples must be taken in a uniform 
pattern. In practice, however, it is 
often most convenient to sample pe- 
riodically, so that the sampling points 
are given by 


= kT: k = 0, 4 


where T is called the sampling period; 
the integer k refers to the k-th sample. 

Whether sampling is introduced 
into a control system deliberately (to 
use a digital computer for control pur- 
poses) or unavoidably (when a meas- 
urement on the process is represented 
by a physical sample, which is ana- 
ivzed in the laboratory), the result is 
a sampled-data system. In view of 
the sampling theorem, it is intuitively 
obvious that sampled-data systems 
need not be inferior to systems in 
which there is no sampling. 

If the sampling operation takes 
place more rapidly than the changes 
in the process behavior which the 
control system is designed to counter- 
act, then sampling does not impose a 
serious limitation on the over-all sys- 
tem. For instance, the desired sam- 
pling rate depends primarily on the 
dynamics of the process to be con- 
trolled 


Chemical process dynamics 

There are many ways in which the 
dynamic behavior of a physical sys- 
tem can be described. In analytical 
studies, one frequently uses ordinary 
or partial differential equations; in nu- 
merical calculations, difference equa- 
tions. Some insight into the advan- 
tages and disadvantages of these 
methods of representation may be 
gained by examining more closely the 
fundamental concepts involved in the 
study of dynamic systems. 

The first important concept is the 


notion of the state of the system. This 
is defined as follows: At time t,, the 
state of the svstem is the least amount 
of data (usually a set of numbers) 
from which the behavior of the sys- 
tem can be uniquely determined for 
all ¢ > ¢,, wiouilied that all external 
influences (inputs) acting on the sys- 
tem are known for all t > t,. In other 
words, the information incorporated 
in the set of numbers representing the 
state of the svstem is all that one has 
to know about the past evolution of 
the svstem to predict the future evo- 
lution of the system. In intuitive phy- 
sical terms, the state specifies the 
energy stored up in the system at 
time ¢, as a result of past inputs. 

The second important concept used 
in the study of dynamic systems is 
the state-transition function. The evo- 
lution of the dvnamic system in time 
mav be visualized as continually pass- 
ing from one state to the next; the 
state-transition function specifies how 
the state of the svstem evolves from 
one instant of time to the next. 

Two simple examples will illustrate 
these notions. 

(a) Consider a single-pipe heat 
exchanger with fluid inside the pipe 
and condensing steam outside and let 


heat capacity of fluid 
= constant 

heat transfer coefficient 
between fluid and wall 
total length of pipe 
radius of pipe 

time 


temperature outside 
wall of pipe =constant 
temperature of bulk 
fluid as a function of x 
and ¢ 

fluid velocity = con- 
stant 

distance down pipe 
measured from inlet 
fluid density = 
stant 


con- 


From a heat balance over and in- 
finitesimal section, Ax, of the pipe, the 
following partial differential equation 
results 


(2) 


aT 
at 


=a(T,,—T) 


where a 2h/rpe > 0. A boundary 
and an initial condition must be added 
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_.. What is important is that it should be easy to adjust the model to match 
the actually measured behavior of the physical system . . . 


to obtain 


Equation 2. 


a particular solution of 
These are 


T(x, ty) for t 


T(0, 0) fort 

From the preceding discussion, it is 
clear that the function T(x,t,) repre- 
sents the state of the system; in fact, 
t is the density of stored thermal 
‘nergy along the length of the pipe at 
time t=t,. The function, 
represents the temperature ot 
the entering fluid. This is the input 
to the system. Because the fluid is as- 
sumed to move with a constant ve- 
locity, the input may be represented 
by the temperature profile of a fie- 
infinitely Jong section of the 
pipe which corresponds to the nega- 
tive values of x. Thus 


second 


titious, 


T(O, T| to] (4) 
ind now the function T(x,t,) (defined 
for *% <x <L) contains all the in- 
formation necessary to predict the be- 
havior of the system, within the ideal- 
izing assumptions made. 

The state transition function indi- 
cates how to find T(x,t,) as a function 
of T(x,t,) (the state and the input) 
at any instant ¢, after t,. To obtain 
the state transition function, the dif- 
ferential Equation 2 (the differential 
equation is simply a way of specifying 
the state transitions) corresponding to 
the infinitesimal change in time tt 
+-dt may be solved to vield, by ele- 
mentary methods, 


T(z, t, ) 
[T(r 


Vit, ~{ } Te 


his equation shows that the profile of 
the temperature difference (T (x,t) 
-T,,) travels down the pipe with a ve- 
locity V and is attenuated by the 
factor obtain the state- 
transition function @, add T,, to both 
sides of Equation 5: 


T(x, = T(x, &); = 
[T(x — V(t, —ty), — le @ (ty lo) 
(6) 


(b) As a second example, consider 
a simple chemical reaction scheme of 
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A plus B reacting to form C in a per- 
fectly mixed isothermal reactor. The 
input flow rate, containing reactants 
A and B, and the output flow rate, 
containing A, B, and C, are taken as 
equal, Assuming that the rate of re- 
action depends only on the product 
of the concentrations of the reacting 
molecules, a material balance on each 
component vields 


dr 
dt 


ile 


Arp 
dt 


kr + 


dx x 


dt | 


where x4, X,, Xp are the respective 
concentrations of the various com- 
pounds in the reactor, uy, Uy, are the 
concentrations in the feedflow, F is 
the flow rate through the reactor, V 
is the volume of the reactor, and k is 
the reaction rate coefficient. 

Given the input concentrations « 
and u,, it follows that the system of 
differential equations has a unique 
solution determined by the values of 
the concentrations x4, X,, X~ at time 
t,. The concentrations x,4(t,), X,(t,), 
r¢(t,), (by an old fashioned and mis- 
leading, but well-entrenched termi- 
nology) are called the initial condi- 
tions; in the present language, they 
are simply the state of the system at 
time f,. 

To find the state transition equa- 
tions, it is necessary to solve the dif- 
ferential Equations 7. Because they 
are nonlinear (see later comments), 
this cannot be done directly, but the 
solution can always be found by nu- 
merical computation or by observing 
the behavior of Equations 7 on a 
physical analog, such as an analog 
computer. 

In any event, the complete set of 
solutions may be written in the form, 
assuming u,(t) constant, 
constant, 


Ua(lo), to] (8) 
To avoid having to write down 


many equations in a cumbersome 
fashion, it is very convenient to use 


vector notation. Thus, x = (x4, Xp, Xe) 
will stand for the three numbers de- 
noting the concentrations; u (t4, 
u,) and similarly f and g will stand 
for the three functions of the three 
variables x4, Which are defined 
by Equations 7 and 8 respectively. 
Equations 7 and 8 may now be writ- 
ten as 


dx 
f(x, u) 


and 


= x(t); u(h); (8’) 


The function g in 8’ is the state 
transition function. Given the state at 
time ¢,, it shows what the state will 
be at any later time ¢t,, assuming the 
input u(t,’ is constant during the 
entire time interval (t,, t,). 

it should be noted that the differ- 
ential Equations 7 play only an inter- 
mediary role in the determination of 
the state transitions. It happens that, 
physically, it is easier to postulate the 
mechanism of infinitesimal state tran- 
sitions, ie., to derive the differential 
equations. But practically, this may 
not be convenient because one is then 
stuck with the none-too-pleasant task 
of having to obtain the finite state 
transitions by solving the differential 
equations. 

Similar equations are obtained in 
other cases of engineering interest, 
provided the derivation is based on 
writing mass and heat balances for 
various “lumped” elements of a sys- 
tem. By considering mass and heat 
balances over infinitesimal volumes, 
partial differential equations frequent- 
ly result. The use of partial differ- 
ential equations, however, is frequent- 
ly avoided in control systems in favor 
of sets of ordinary differential equa- 
tions. This is because of the much 
greater mathematical difficulties of 
simulating and/or solving the former. 
Saying that a dynamic system is rep- 
resented by a partial differential equa- 
tion is equivalent to saying that the 
state of the system is a continuous 
function; replacing the partial differ- 
ential equation by a set of ordinary 
differential equations is equivalent to 
replacing the state function by the set 
of values of this function at discrete 
points (sampling in space). This is 
the real significance of the method of 
lumping. 

A differential equation specifies in 
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The large-scale IBM 704 Electronic Data Processing System executes most 
of its high powered operations at a rate of 40,000 a second. 


which direction the state transitions 
proceed from any given state by vir- 
tue of continuity. It is possible to 
assume that this direction remains un- 
changed over a small interval of time. 
This means that the differential equa- 
tion can be replaced by a difference 
equation, which is then used to com- 
pute the state transitions numerically. 
For a small sampling interval T the 
simplest numerical integration for- 
mula leads to 


k = any integer 
Applied to equation (7) 
x((k+1)T) 
x(kT) + ThixtkT); w(kT)) 
or 
= x(k7); 
ul(kT); kT} (10) 


¢ is the approximate state transition 
function over the finite time interval 
form kT to (k+1)T. 

On the basis of these examples, the 
following observations may be made: 

a. The concepts of state and state 
transition function are fundamental in 
any dynamic system, regardless of 
whether it is described by a partial 
differential equation, ordinary differ- 
ential equation, or difference equa- 
tion. 


b. Although the analytic derivation 
of the dynamic equations may take a 
variety of forms, in control systems 
practice the information about the 
dynamics of the system must be in a 
readily usable form. It is not impor- 
tant whether or not the model used is 
one that is easily derived from physi- 
cal principles. What is important is 
that it should be easy to adjust the 
model to match the actually measured 
behavior of the physical system, and 
that the model should supply, in a 
convenient form, the information re- 
quired for the design and operation 
of a control system, 

The difficulties associated with solv- 
ing the nonlinear set of equations of 
the form of 7’ are usually circum- 
vented, as a matter of necessity, by 
linearizing the model. This is done as 
follows: Define the equilibrium or 
steady states of the process by 


dz, 


a 


(11) 


or by 


in Equation 7’. For fixed u = u® the 
solution of the equation f(x*,u*) = 
determines the equilibrium state vari- 


ables x*,, x*, . . . or x* where the 
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asterisk is used to indicate a steady 
state value. The deviations from this 
equilibrium state can be denoted by 


= x — x* = deviations of x 
from equilibrium 


u — u* = deviations of u 
from equilibrium 


Expanding a and b in a multidimen- 
sional Taylor Series, and truncating 
the series after the linear terms, con- 
verts Equation 7’ into the following 


linear vector differential equation. 


d 
= Aa + Bb (13) 
dt 


A is a constant n X n matrix whose 
elements are given by 


B is a constant n X m matrix whose 
elements are given by 


a and b are merely n-dimensional 
column vectors. Evidently, a repre- 
sents the state of the system, b the 
control vector, and A specifies the dy- 
namics of the process in the neighbor- 
hood of the assumed equilibrium 
state. Thus the problem bas been 
transformed from a nonlinear to a 
linear set of equations. The solution 
of Equation 13 is given by 


a(t) 


+ ] 7) Bh(1) dr 
% 


= 


(14) 


where #(¢) is the transition matrix 
given by the exponential function 


~ 


(15) 


The first term on the right of equa- 
tion 14 is the homogeneous solution 
of 13 and the second term is the 
particular solution. 

When the control vector b is taken 
as constant between sampling instants 
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a,, 
ox, 
u=-u* 
af 
| x = x* 
dx 
— = = () 12 
=) ai f (x, u) (12) 
| 


then Equation 14 may be simplified 
to 


a(t, + T) d(T )alt,) 


b(T — r)Bdr b(t) 


(16) 


with the matrix in the large brackets 
being a constant. This equation may 
be thought of as the basic difference 
equation for the linearized process. 
Strictly speaking A should be writ- 
ten as A(t; x®) since this matrix de- 
pends both on the equilibrium point 
chosen as well as on time. The dy- 
namics of the process may change 
independently with time through 
changes in heat transfer coefficients, 
catalyst fouling, ete., and x® may be 
altered by management decisions. 


Performance index 


For any control system to achieve 
a desired operation it is necessary to 
include, in some manner, a means of 
judging the performance of the proc- 
ess. In other words, it is necessary to 
state the type of performance desired 
for the process. The error or deviation 
from this desired performance must 
then be minimized so that the con- 
trol system attains the required per- 
formance. Some obvious performance 
criteria are; to maximize the vield or 
throughput of the process, or to mini- 
imize the energy and material costs. 

Thus, one starts by prescribing a 
set of desired values of the state 
variables, x",, x",,..., x", or x", based 
upon economic and management de- 
cisions, and then rapidly tries to 
bring the actual concentrations of the 
process, x,, X,, ..., X, or x, as close 
as possible to the desired states. Since, 
because of inertia, it is impossible to 
bring zs to x* instantaneously, one 
rust assign some penalty to the devi- 
ation of x from x*. This is usually 
called an error criterion. Wiener first 
suggested that control systems should 
he designed in such a way as to mini- 
mize the integrated squared error. 

= | [xf — a,(t)|*dt (17) 
0 

The utility of this index lies in the 
fact that minimizing the integral (or 
differentiating the integral) leads to 
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... For any control system to achieve a desired operation it is necessary to 
include, in some manner, a means of judging the performance of the process. 


a linear function of the error. It is 
often convenient, however, to define 
a more general measure of the error 
at any time ¢ by means of the quad- 
ratic form 

= (18) 
where the prime indicates the trans- 
pose of the vector and Q is any 
positive definite or semidefinite ma- 
trix. B is defined by means of this 
equation, Using Equation 18 a per- 
formance index can be defined by 
means of either 


P(x(h), x*) = | 82(x4—x)dt (19) 
P(x(t), 
(20) 
where a is a real positive constant. 


Note that the performance index is 
a function of the initial and desired 
states. 

The dynamics of the process are 
included in this index since the value 
of x(t) is included. In Equation 20 
the weighting function e*‘'‘.’ has 
been introduced so that the present 
errors are weighted less heavily than 
the future error. This takes into ac- 
count the inevitable inertia of the 
process. Dynamic optimization of the 
process can now be stated as requir- 
ing that the control variables u, (t), 
u(t), ..., Uy,(t) or u(t) be varied 
in such a manner in the interval 
t, that the performance in- 
dex, Equation 20, is minimized. 

While this requirement can be 


simply stated in words, the computa- 
tional problem of actually carrying 
out the stated steps is very great due 
to the fact that one must find the 
particular optimal control vector func- 
tion u®(t) from among the set of all 
such functions which minimizes 20. 

The following procedure consider- 
ably simplifies the problem: Since 
the control system is to be operated 
on a sampled basis, assume that the 
control variables are held constant be- 
tween sampling times. As a result, it 
is only necessary to minimize equa- 
tion 20 with respect to the sequence 
of discrete control vectors, 


u(t), + 7), + 2T),--- (21) 
Further, the integral in Equation 20 


can be approximated by an infinite 
sum 


P(x(t), x“) 


@ 
= ¥ + kT) 


k=l 


(22) 


The problem now becomes one of 
finding a control sequence of 21 
such that the sum given by 22 is 
minimized. This can be accomplished 
by applying the Principle of Optimal- 
ity due to Bellman (1). 

Principle of Optimality: An opti- 
mal sequence 21 of control vari- 
ables has the property that, 
whatever the initial state of the 
process x(f,) and the initial 
choice u°(t,) of the control vec- 
tor, the remaining terms of the 
sequence + T), u°(t, + 27), 

. must constitute an optimal 


sequence with regard to the 


Figure 2. Analog-digital simulation and control by means of analog-digital 
convertors operating in both directions. 
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state x(t, +- T) resulting from the 
choice of u°(t,). 

Methods based on the Principle of 
Optimality are often referred to as 
dynamic programming. Without pre- 
senting the detailed implementation 
of this principle, the following state- 
ments can be made: 

a. The minimization requires the 
solution of N one-step decision prob- 
lems instead of a single N-step deci- 
sion problem. 

b. The sequence of one-step deci- 
sion processes can be computed itera- 
tively using simple recurrence relations 
if the dynamics of the process are 
linear. 

c. In the limit, the iteration process 
always converges to yield the opti- 
mum sequence of control vectors for 
the process. 

d. In the linear case, the states of 
the dynamically optimized system 
tend asymptotically to the same equi- 
librium state x® which is obtained 
under static optimization. 

e. The control system designed by 
this scheme is always stable; in fact, 
the transient response is faster than 
e-«' where a is defined in Equation 20. 

It is important to note the require- 
ment that the dynamics of the process 
be linear. For this reason the control 
system obtained by the above proce- 
dure will be optimal only for the lin- 
earized version of the nonlinear dyna- 
mic equations. In the nonlinear case, 
the theory has not progressed far 
enough to permit significant practical 
applications. 


First-order implementation 


To implement the concepts dis- 
cussed, in which a dynamic system is 
optimized in terms of the performance 
index by dynamic programming, the 
computational arrangement of Figure 
2 has been assembled. This may be 
thought of as a Stage I implementa- 
tion since it is used only to check out 
the behavior of ideal systems under 
closed-loop digital control. 

An analog computer is shown in 
Figure 2 as directly connected to a 
large high speed digital computer 
through an analog-digital converter. 
The analog computer has 20 inte- 
grators, 20 summing amplifiers, 5 
servos, and a random input generator, 
plus the normal output devices. The 
analog-digital converter employs a 
number of information channels to 
convert analog outputs into digital 
form and digital computer outputs 
into analog form. 20 analog-to-digital 
and 10 digital-to-analog channels are 
provided with all-solid-state circuitry. 
More than 400 conversions/sec. may 
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be made on any channel with a con- 
version accuracy of +0.05%, equiva- 
lent to, sign plus 10 bits of binary 
data. Information transfer through the 
converters is determined by means of 
the digital computer program. 

This computational setup allows the 
real time simulation of a chemical 
process on the analog computer, and 
the direct closed-loop control by 
means of the aa digital com- 
puter. Questions of stability of the 
numerical computations, as well as of 
nonlinear effects, are currently being 
studied, As an example, an exothermic 
chemical reaction in a stirred reactor 
has been simulated on the analog, and 
controlled on a real time basis by the 
digital computer. In this case there 
were five state variables in the system 
and three control variables. The pre- 
liminary results were very encourag- 
ing. Detailed results of these compu- 
tations, plus a variety of others will 
be described in forthcoming publica- 
tions. 

The second-order implementation 
of the present theoretical concepts 
would be to connect the converter 
system, plus the digital computer, to 
a real chemical process. It is not un- 
realistic to assume that such an ar- 
rangement can be accomplished in 
the near future. 


Possible future system 


Based upon the results obtained in 
the Stage I investigation, briefly out- 
lined above, plus a number of other 
considerations, it is possible to outline 
some of the requirements for a com- 
plete digital computer control system 
as well as to speculate on its functions. 
The control computer is visualized as 
containing four main portions: 

a. A program which uses the per- 
formance index for the process, the 
most up-to-date model for the system 
dynamics, and the _last-measured 
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values of the state variables to com- 
pute the a control variables. 
This portion of the digital computer 
would also, by means of suitable con- 
trol signals, actually adjust the neces- 
sary control valves, etc. It may be 
thought of as replacing the conven- 
tional single-loop controllers. 

b. Since an up-to-date knowledge 
of the dynamics of the process is nec- 
essary for the efficient operation of 
the over-all control, a second program 
in the computer will be used to moni- 
tor and update the dynamics. Based 
upon actual measurements, the coeffi- 
cients in the dynamic model are re- 
valuated periodically so that the latest 
and most accurate model is always 
available for program (a). 

c. To update the dynamics by pro- 
gram (b), it may be required to per- 
turb the process in some intelligent 
and periodic fashion. This is neces- 
sary, since if the system is operating 
at or near an equilibrium state, meas- 
urement of the state variables may 
not provide sufficiently clear informa- 
tion regarding the dynamics of the 
process, Thus program (c) would 
periodically perturb the process with 
special calibrating signals which are 
in the neighborhood of the process 
noise level, but which generate fluc- 
tuations in the output which can be 
interpreted by sophisticated data re- 
duction techniques. 

d. As required, the unmeasurable 
state variables may be generated from 
the measured ones, using the dynamic 
model of the process and standard 
statistical prediction techniques (2). 

All four programs must be moni- 
tored by some multiplexing device in 
the digital computer which specifies 
the program to be carried out. The 
generation of the digital computer 
programs specified is not trivial, but 
present results indicate that it is 
possible, even today, to construct a 
considerable portion of this system. 

As outlined, the control computer 
may be called an adaptive or self- 
optimizing system. The computer 
adapts itself to the process by up- 
dating the dynamics as determined by 
the latest operating conditions and 
then seeking the optimum level of 
process performance. In a sense this 
may be thought of as a form of feed- 
back. Thus the addition of programs 
(b) and (d), above, would constitute 
a major advancement in the automatic 
control of chemical processes as com- 
pared to present-day methods, 
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2-Computer control of Processes 


Is it worth 


the cost? 


You may be able to reap the benefits 
of computer control without using a 


computer. 


ey COMPANIES, like other in- 
dustrial concerns, are in business pri- 
marily to earn money within accepted 
ethical, sociological, and legal re- 
straints. Thus the acceptance and 
application of any new equipment or 
system depends upon how it will help 
earn money—and how much money. 
This article, therefore, is concerned 
primarily with the problem of apply- 
ing computers in the control of pro- 
cesses to earn more money for chemi- 
cal companies. 

Since there are many types, sizes, 
and degrees of complexity of comput- 
ers, and since the phrase “computer- 
controlled process” may mean some- 
thing different to each individual, 
depending upon his knowledge and 
background, a definition for the pur- 
poses of this paper is in order. By 
computer-controlled process is meant 
—a digital, internally-programmed, 
general-purpose type of computer: 

1. Continually and automatically 
receiving operating data from a 
process. 

Making certain predetermined 
computations using that data. 
Directly manipulating the con- 
trollable variables of the process 
as a result of these computa- 
tions, 

A major reason for this definition 
is that general purpose digital com- 
puters for process control are avail- 
able to industry today. They are 
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expensive. There are many claims 
as to their value in process control, 
and there is little actual (published) 
experience in their use. One of the 
greatest problems connected with the 
installation of computer control on a 
process is the large cost involved in a 
single application. There are some 
fairly good figures available to date 
from the equipment manufacturers, 
plus the experience of some users and 
would-be users. 

For a typical cost example, in order 
to relate it to equipment now avail- 


able for use, a medium-sized process, 
or part of a larger complex, is cited. 
This would have in the range of 100 
to 200 input values (temperatures, 
pressures, flows, etc.) and perhaps 10 
to 25 output control or alarm func- 
tions. 

First, there is the cost of the com- 
puter itself, ranging from $100,000 to 
$150,000, depending upon its speed, 
special “built-in” accessories needed 
for the job, and the vendor. 

Second, there is the cost of acces- 
sories that are not built in, but are 
equally essential to the application. 
These include certain input-output fa- 
cilities. Much depends upon both the 
existing process facilities and the com- 
puter being considered. It may in- 
clude pneumatic to electric transduc- 
ers, special signal amplifiers, stepping 
switches, and whatever methods are 
chosen for converting the electric 
pulses of digital output into mechani- 
cal action of a valve or controller set- 
point. Fifty thousand dollars could 
be a good average value for the size 
process mentioned above. 

Finally there is the cost of engi- 
neering the job. This figure includes 
all of the problem analysis as well as 
the equipment engineering and de- 
sign. That is to say, the mathematical 
analysis, systems engineering, special 
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Figure 1. A catalytic reaction system. 
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tests, computation and simulation, and 
programming are included at this 
point. A rather wide range of $50,000 
to $150,000 is allowed here since so 
much depends upon how much is al- 
ready known of the the process, the 
experience of the people conducting 
the analysis, and the accounting pro- 
cedures of the individual company. 

Even if one maintains some degree 
of optimism, the cost will be, at least, 
in the quarter-million-dollar range. To 
consider the expenditure of such a 
sum of money, it is necessary to ex- 
amine the possible benefits of the 
proposed installation to decide 
whether the expenditure is justified. 
Once this is done, the rest is straight- 
forward. The proposal merely com- 
petes with other projects for the 
available investment money. If the 
payout is good it will probably be 
authorized. If others are better, it 
may be delayed. One suggestion fre- 


quently advanced is a trial installa- 
tion on a research basis to find out 
what benefits result. Fortunately, 
there are many ideas competing for 
the research dollars, and again poten- 
tial benefit becomes a problem. 

Two typical cases are discussed 
below which illustrate some of the 
problems which arise in attempting to 
develop the dollar return on com- 
puter process control. 


Catalytic reaction system 

Figure 1 shows a sketch of the 
process. Raw materials A and B join 
with recycled streams and pass 
through the catalyst bed in the liquid 
phase. The reactor effluent goes first 
to a separation still where the tops, 
consisting of product C and unre- 
acted A, are separated from — 
D, and unreacted B. Both the tops 
and bottoms from this still go to sepa- 
rate refining stills for further separa- 
tion and recycle. The performance of 
the separation and refining stills is 
the key to product quality. This per- 
formance also has a strong influence 
upon the capacity of the reactor. If 
much of the products C or D are re- 
cycled to the reactor, its performance 
is seriously affected, as will be shown 
later. 

The problem here is that an in- 
crease in capacity of the system by 
25% is to be required soon. An esti- 
mate had been made indicating that 
over $1,000,000 would be required 


Figure 4. Reactor feed composition and recycle rate. 
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Figure 3. Productivity relationships are 
non-linear. 


for larger facilities to attain the re 
quired capacity, primarily for larger 
stills. Here was a possibility of in- 
vestigating improved control through 
the use of a computer as a means for 
reducing the investment required for 
the expansion. All that was needed 
was to find a way, and to be sure 
that more than the cost of the com- 
puter installation would be saved. 
After examining existing instrument 
charts and operating log sheets, im- 
proved control was judged certainly 
possible. Thus, work was undertaken 
to develop the means of improvement 
and the quantitative value of so doing. 

A key bit of information pointing 
toward potential gains from advanced 
control concepts is shown in Figure 2. 
This information, developed from 
original research on the process and 
confirmed in plant operation, shows 
the lumped effect upon reaction rate 


Figure 5. System effect on recycle rate. 


February 1960 63 


iy | 
ECONOMIC DESIGN 
4 
x + 4 
/ 
65 


Figure 6. Before and after. A larger reactor re- 


quires more plates. 


ot throughput rate, amount of cata- 
lyst, and concentrations. The latter 
are calculated as the equilibrium con- 
stant and the curve shows how this 
quotient varies with space velocity. 
The relationship is nonlinear, hence 
one would expect nonlinear relation- 
ships of productivity with feed rates 
and, due to the form of the equilibri- 
um equation, expect added nonlinear 
effects from concentration variations 
of the feed. 

The results of several numerical cal- 
culations are plotted in Figure 3. The 
solid line is the case where the feed 
to the reactor is pure A and B. The 
quantity of A_ reacted is plotted 
against throughput rate. It can be 
seen that, while the quantity of A 
reacted continues to increase as 
throughput rate is increased, the in- 
cremental gain becomes less and less. 
Hence from a system point of view, 
the increasing dilution of the product 
in the reactor effluent means an in- 
creasing load on the subsequent stills 
out of proportion to the increased pro- 
duction rate. The dotted curves el 
the effect of small amounts of product 
(C or D—or both) in the feed upon 
the reaction of A. The effect of prod- 
uct in the feed upon throughput re- 
quired for a given conversion of A 
is apparent. 

Another variable influencing the re- 
action of A with B, as indicated by 
the equilibrium equation, is the ratio 
of reactants. For the maximum pro- 
duction of C and D at any value of 
K, the denominator must be a maxi- 
mum. Considering the reactor alone, 
the conclusion could immediately be 
drawn that most profitable operation 
would be under conditions of maxi- 
mum productivity. These would be at 
an equimolal ratio of A and B in the 
feed, while containing a minimum of 
products C or D. 

At this point it must be remem- 
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bered that the stills in the process are 
really an integral part of the system. 
Their capacity and performance, due 
to the recycle of unreacted materials, 
should in turn affect the reactor. Fur- 
thermore, the nonlinear relationships 
described earlier, may provide some 
interesting aspects. Thus, the quan- 
tity of recycled feeds can provide a 
measure of system performance. 
Figure 4 shows the result of this anal- 
ysis when total recycle is plotted 
against concentration of B in the feed 
for different production rates of C 
and D. It may be noted that the 
concentration of B for minimum re- 
cycle of unreacted feeds is not con- 
stant for all production rates. The 
cross shows the normal operating 
point of the plant. The dotted lines 
show the increased level of recycle 
for the same productions indicated by 
the solid lines, when there is 1% of 
product C or D in the feed to the 
reactor, The optimums shown would 
provide most economical operation 


Figure 7. A sample process requiring quality control. 


from a system point of view. This 
basically amounts to steam savings— 
and doesn’t amount to much. 

This is fine for normal operation. 
But what about the time when the 
system is being run at, or exceeding, 
the design capacity of the refining 
stills? This capacity aspect was the 
basic reason for the investigation. 
From a further examination of the 
system (including a breakdown of 
the components making the 
total recycle) for capacity limitations, 
the D refining still was found to be 
the first capacity bottleneck. The 
effect on the system of changing its 
operation from the design basis was 
investigated. 

Thus, one means of accommodating 
an increased load on the D refining 
column without affecting the quality 
of D out the bottom is to cut back on 
the reflux ratio. This, of course, in- 
curs the penalty of a greater concen- 
tration of D in the overhead. This in 
turn would have a serious effect upon 
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Figure 8. Quality relationships vs. controllable variables. 
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the reaction when that overhead ma- 
terial joined the feed to the reactor. 
The situation would compound itself 
as there would be more and more un- 
reacted B for recycle, an unstable 
situation. Changing the mol ratio of 
B to A in the feed can compensate 
for this, in part. Admittedly, chang- 
ing the mol ratio in either direction 
decreases the conversion (increases 
the recycle of unreacted material), 
but the individual effect upon the re- 
cycle of B by decreasing the B-to-A 
ratio is much greater than the effect 
resulting from reduced conversion. 

Figure 5 shows the net result by 
superposing the performance of the 
D refining still upon the total recycle 
figure. Here the diagonal lines show 
the performance of D refiner column 
in balance with the reactor and over- 
all rates. They are labeled as concen- 
tration of B in the tops. They could 
just as well have been labeled as re- 
flux ratios. Note how the total recycle 
curves have changed and that the 
B-to-A ratio in the feed for minimum 
recycle, as restrained by the next- 
limiting equipment piece (D refiner), 
varies in a different fashion as pro- 
duction rates are changed. This 
changing optimum is rather abrupt, 
such that at high production rates 
close surveillance is required to avoid 
exceeding the optimum value of B. 
One cannot hold the concentration of 
B well below the optimum either, for 
the capacity of C refiner provides a 
similar restraint, though this is not 
shown. 

Since all of these curves and fami- 
lies of curves can be expressed as 
mathematical equations, this appears 
to be a job that should be amenable 
to computer control. It appears com- 
plex enough to require either com- 
puter control or modified process 
equipment— and computer control 
would cost considerably less than the 
$1,000,000-plus, which previ- 
ously estimated. 

A process engineer following the 
analysis closely raised an interesting 
question. Recognizing that the crux 
of the problem lay in the variation of 
productivity with throughput rate, he 
wondered what would happen if the 
reactor were made twice as big. This 
could be done for only $10,000 to 
$20,000 since it was an inexpensive 
type. He also mentioned that the 
plant was planning to increase the 
number of plates in the D_ refiner 
column by a significant amount on 
a maintenance basis—replacing some 
which were completely corroded. 

Figure 6 shows the before and after 
of these alterations. Enlarging the re- 
actor, such that the apparent equili- 
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Figure 10. Compensating transients. 


brium constant remains at a high value 
for all expected rates, flattens the re- 
cycle curves considerably, re- 
duces the recycle at all production 
rates. This reduces the sensitivity of 
the feed composition. The additional 
plates in the D refining column move 
the diagonal lines, representing its 
performance, to the right. Thus, one 
process which might have had com- 
puter control applied effectively for 
increased capacity, will achieve that 
capacity for about a tenth the cost 
of computer control. 

Figure 7 is a sketch of a process 
whose quality is to be controlled. Ma- 
terials A and B are fed into the first 
stage of the reactor where tempera- 
ture and pressure are held constant. 
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The effluent passes to a second stage 
where the pressure is reduced and 
the reaction driven toward comple- 
tion. At the outlet of this second 
stage, quality is of prime importance, 
for the succeeding operations are 
based upon consistent, closely con- 
trolled quality considerations. The 
operations, shown as the blocks num- 
bered 1 through 5, are unusual in 
that each may operate successfully 
at only three discrete throughput 
rates to make a saleable finished 
product. 

The basic problem here is to 
accommodate these throughput 
changes (which are made necessary 
by the changing market demands) 
without affecting the quality charac- 
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teristics at the reactor second stage 
outlet. Complicating the problem is 
the fact that the total reactor hold-up 
equals about 4-hr. production. 
Changes made in feed ratio, for ex- 
ample, will require some time to be 
fully effective at the reactor outlet. 
There will be dead time as 
well as some effects of mixing. 

There are two quality characteris- 
ties which must be held within speci- 
fied tolerances. Both are affected by 
the operating variables of the process. 
They are affected to differing degrees, 
and sometimes in opposite directions, 
ly changes in the process variables. A 
statistical analysis had been made to 
relate these two characteristics (call 
them @ and 8) to three of the con- 
trollable variables, while holding the 
other process variables substantially 
constant. The three controllable vari- 
ables considered were A-to-B ratio in 
the feed, throughput rate, and second 
stage pressure. 

Figure 8 shows the result of this 
analysis and the two regression equa- 
tions describing the relationships. The 
cube represents the dimensions of the 
three controllable variables. The solid 
lines represent the intersection of sur- 
faces of constant quality a, with the 
faces of the cube, and the dotted lines 
show similar intersections of surfaces 
of constant quality 8. This means that 
within the three-dimensional space 
there are surfaces representing equal 
quality values. The 
these surfaces show the values of the 
controllable variables required to at- 
tain the quality levels represented by 
the surfaces. The equations are simple, 
no squared terms and only one cross- 
product term in each. The cross-prod- 
uct term, however, provides a non- 
linearity that required the above use of 
the word “surface” instead of “plane.” 

From other experimental work on 
the amount of mixing to be expected 
in the fluid passing through the two 
reactor stages, the dynamics of 
changes in the three variables upon 
a and B could be approximated, Fig- 
ure 9. In each graph the change in 
the variable is assumed to be made 
stepwise, or instantaneously, at zero 
time. The curves represent the quality 
values at the outlet of the second re- 
actor stage and how they change with 
time. Here the solid line is quality a, 
and the dotted line represents quality 
8, as before. An important point is 
that if the starting point in the three- 
dimensional space of Figure 8 had 
been different from that chosen for 
these examples, the amplitudes of the 
quality changes would also be differ- 
ent. 

The quality changes for given vari- 


some 
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abie changes can be calculated both 
as to amount and time of their occur- 
rence. So also, may compensating 
changes in two of the variables be 
calculated, which will cancel out the 
effects on quality of required changes 
in the third variable. This is illustrated 
in Figure 10. 

A 10% increase in throughput rate 
is required. This will cause a varia- 
tion in qualities @ and £, similar to 
that described in Figure 9. Compen- 
sating changes in feed ratio and 


second stage pressure were calculated 
which bring the quality levels back 
to their initial values. The top diagram 
shows how a and 8 change with time 
if throughput, feed ratio, and second 
stage pressure were changed simul- 


taneously at zero time. While 2 
doesn't change much, a changes al- 
most 12 units and gradually returns 
within tolerance in about 6% hr. The 
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bottom diagram shows what the fluc- 
tuations would be with a little more 
thought given to the way the changes 
are made. In this case, the feed ratio 
is changed at zero time, then the 
throughput and second stage pressure 
are changed at plus 5 hr. Here the 
time that quality is out of specification 
is only about 3 hr. One can readily 
visualize increasingly complex 
grams to further minimize these fluc- 
tuations. 

The nonlinearity of the relation- 
ships rules out a single program for 
all changes. The quality fluctuations 
for the same throughput change 
and differing initial conditions are 
quite different from those shown. 

Here it was possible to visual- 
ize a single computer controlling the 
changes for several reactor systems, 
holding quality within very narrow 
limits, despite almost any throughput 
change. With a little more analysis 
the reactor environmental conditions 
might also be included in the control 


to further reduce fluctuations. This 
could be a big step toward the push- 
button plant, while saving around 
$200,000yr. of scrap material. 

One of the process engineers, noting 
that precise timing of compensating 
action was required largely because 
of the step change in throughput, got 
the idea of giving the process some 
extra time in which to recover by 
deliberately making some scrap be- 
tween the reactor second stage and 
the subsequent operation. He found 
he could change the throughput of 
the operation blocks by the required 
increments, yet change the reactor 
throughput gradually. In so doing he 
literally bought the time to make 
changes in the other variables such 
that precision in timing and amount of 
compensation were not critical. The 
amount of scrap made—still within 
specifications of a and B—was con- 
siderably less than that which had 
been made previously. This reduced 
the potential benefits from computer 
control to the point where it was no 
longer justified. 

These have been specific examples 
of process examination, seeking justi- 
fied application of computers for con- 
trol. They were presented to illustrate 
some of the problems involved in such 
work. On the brighter side, however, 
investigations other than those de- 
scribed have continued to show real 
promise. One point of major im- 
portance has been learned in the con- 
duct of this work. The type of analysis 
imposed in seeking advantages of 
complex control of a process is usual- 
ly highly profitable, whether or not a 
computer is ultimately required. In 
trving to discover all the interrelation- 
ships of variables influencing the proc- 
ess, a true definition of the system 
results from the analysis. Arbitrary 
svstem definition, such as “this re- 
actor” or “that still,” frequently can 
have little bearing on all the real 
factors that influence performance. 

At some risk of being considered 
negative on the subject of computer 
control of processes, the following con- 
clusions may be drawn from this 
work: 

1. The application of a digital, 

internally - programmed, _general- 

purpose computer for control of a 

process will cost from $200,000 up. 

2. There will be many chemical 

processes where, after comprehen- 

sive system analysis, lower cost 
process changes or lower cost con- 
trol changes (perhaps involving 
computational elements) may be 
made which will achieve the major 
share of the benefits that computer 
control would otherwise obtain. # 
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Economic design by computer 


... the computer is quicker than the hand 


Fox THE PAST THREE years, Esso Re- 
search and Engineering Company has 
been preparing general purpose com- 
puter programs for engineering cal- 
culations. Its experience has been 
mainly with programs for process en- 
gineering, equipment process design, 
and cost estimating on the IBM 650 
and 704 computers. The results of this 
work are used in designing refinery 
units for various affiliated companies of 
Standard Oil Company (New Jersev). 

This article discussing the experi- 
ence, accomplishments, and future 
plans in this field is divided into three 
main sections, covering: 

1. A_ historical summary of the 
preparation of programs for design 
and cost estimating. 

2. The potentialities of computers 
in permitting the use of improved 
calculation methods which are not 
feasible by hand, and an example of 
a cost estimating program which uses 
such an improved method. 

3. Present incentive and future po- 
tential for the use of computers in 
design and cost estimating, and re- 
sulting future plans. These plans in- 
volve methods which are even more 
dependent on the availability of com- 
puters than those described in section 
9 


Growth of computer use 

Esso began a concerted effort to 
apply computers to engineering cal- 
culations in 1955. At that time, pro- 
gramming began for a medium-size 
computer, the IBM 650. Program- 
ming was carried out on a number of 
important and widely used calcula- 
tions for both design and cost esti- 
mating (1). Because of increasing 
computing needs, a large scientific 
computer, the IBM 704, was installed 
and began operations in December, 
1957. 

A number of general purpose en- 


gineering programs are now in use. 
Most of them are shown in Table 1. 
They include 650 programs, which 
are being run in translation on the 
704, and programs specifically pre- 
pared for the 704, These programs 
have been accepted and are fre- 
quently used by the engineers. In 
fact, the engineers now depend heav- 
ily on some of the more important 
programs, and have requested that 
these programs be expanded to handle 
more varied cases and to do a larger 
portion of the total calculations. 


Programmers work closely 
with program users 


As in many other organizations, 
engineering programs are prepared by 


engineers rather than by computing 
experts. This means that engineers 
proficient in technical calculations 
must first learn the basics of program- 
ming. They then prepare new pro- 
grams with the help of non-engineer- 
ing personnel, and with advisory 
assistance from a nucleus of program- 
ming experts. 

At first, computer programming of 
engineering calculations was done by 
assigning men on loan from project 
design and cost estimating sections to 
work under supervision of the group 
which operated the computer. This 
provided a convenient way to start, 
made 


and substantial was 


However, it was only after a period 


progress 


IBM 704 in use at Esso Research & Engineering. 
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CALCULATE NUMBER OF TUBES 


7 SHELL DIAMETER, SHELL THICKNESS 


iS X-RAY AND/OR 
STRESS RELIEF REQUIRED? 


STRESS RELIEF COST 


CALCULATE SHELL WEIGHT, 
SHELL COST, 


INCLUDING HEAD AND FLANGES 


CALCULATE CHANNEL AND 
COVER WEIGHT, CHANNEL AND 
COVER COST 


LOOK UP FROM TABLES 
NOZZLE WEIGHTS, 
NOZZLE COSTS 


CALCULATE TUBE WEIGHT, 
TUBE COST 


“7 CALCULATE TUBE SHEET THICKNESS, 


DIAMETER, TUBE SHEET WEIGHT, 


TUBE SHEET COST 


CALCULATE NUMBER OF BAFFLES, 
BAFFLE WEIGHT, 
BAFFLE COST 


“21 CALCULATE CHANNEL LINING COST, 
Be SHELL LINING COST 


CALCULATE SHELL ASSEMBLY COST, 
BUNDLE ASSEMBLY COST, 
MISCELLANEOUS SHELL AND 


BUNDLE COSTS 


of time that the deficiencies became 
apparent. The computing group was 
not in a position to supervise the 
engineering aspects of the programs; 
lack of continuing engineering respon 
sibility led to a situation where the 
programs prepared were too limited 
in scope, and when completed, were 
not properly maintained and improved. 

To alleviate this situation, program- 
ming is now being carried out by 
groups closely allied with, and under 


Table 1. Engineering programs now in 
use. 
Process engineering 
Dew point, bubble point, and flash 
vaporization 
Properties of vaporizing hydrocarbon— 
steam system 
Minimum reflux 
Light ends tower process engineering 
Pipe still process engineering 
Absorber process engineering 
Thermal cracking furnace radiant coil 
calculations 
Multi-stage alkylation reactor process 
engineering 
Equipment design 
Furnace pressure drop 
Heat exchangers 
Fractionating trays 
Drums 
Pipe sizing 
Cost estimating 
Pressure vessels 
Heat exchangers 
Pumps 
Piping 


Concrete foundations 


the same general supervision as, the 
groups which use their programs. 
That is, the group programming cost 
estimating calculations is part of the 
estimating forces, and the group pro- 
gramming design calculations is part 
of the design forces. 

The design programs have become 
quite large and complex. And they 
in turn must be considered as build- 
ing blocks for even larger programs. 
To develop and maintain the expert- 
ness required in such cases, the de- 
sign programming group now has 
several engineers as permanent mem- 
bers, as opposed to engineers loaned 
for specific programming projects. 


SUM UP TOTAL SHELL (SHELL + CHANNEL +NOZZLE 
+SHELL LINING + SHELL ASSEMBLY) COST AND WEIGHT, Computers permit improved 
TOTAL BUNDLE (TUBES + TUBE SHEETS + BAFFLES + methods 
"mw One of the most important consid- 
erations in programming is the im- 
provement in calculation methods 
which is allowed, and in fact pro- 
moted, by the use of computers. In 


Figure 1. Given the basic design informa- 
tion, the Heat Exchanger Cost Estimating 
Program designs the components in detail 
and calculates costs of each component. 
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Figure 2. A simplified tower bottoms system whose design is to be 
worked out by the optimized computer program of Figure 3. 


Esso the art of making engineering 
calculations followed a typical path. 
As the need arose, procedures were 
developed. Through usage, after suc- 
cessive improvements, these proce- 
dures became “established.” Eventu- 
ally, the established procedures were 
documented in the form of design 
and estimating manuals. Initial pro- 
gramming efforts were directed toward 
translating these existing “hand meth- 
ods” into computer programs. 

In programming a procedure from 
one of these manuals, it soon became 
apparent that there were “holes” 
which were ordinarily filled by the 
engineers’ experience, judgment, or 
“by asking an expert.” Also, the pro- 
cedures were found to cover only the 
ranges of relatively frequent usage. 
Extrapolations were made by the en- 
gineer as the need arose, and without 
consistency. 

Of course, these holes and extrapo- 
lations must be eliminated from a 
computer program, since the com- 
puter has no experience or judgment 
and cannot readily ask an expert. The 
programmer must have enough ex- 
perience to plug the right holes prop- 
erly, and to set up other holes so 
that judgment can be supplied by the 
program user. Polishing up the pro- 
cedures for programming stimulates 
creative thought and always results in 
improvements. 


New methods are often advisable 

It is often wiser to discard estab- 
lished procedures in favor of more 
basic methods, which may not have 
been practical for hand calculations, 
but are quite suitable for a computer. 
A case in point is the Heat Exchanger 
Cost Estimating Program. 

In the past, heat exchanger costs 
had been calculated from a family of 
curves giving cost as a function of 
heat exchanger area for various ma- 
terials. Costs were adjusted for differ- 


ent pressures, tube lengths, bundle 
types, number of passes, etc. by 
means of percentages applied to a 
standard. These data were obtained 
by empirical correlation of actual 
prices paid. Results from using the 
method ranged from very accurate to 
rather poor. 

To program this method accurately, 
it would be necessary to tie down 
percentage corrections through the 
full range in which the variables are 
likely to occur. To do this with any 
degree of accuracy would involve 
complicated correlations of a massive 
amount of price data, which are not 
available in any case. 

The alternative is the method pro- 
grammed, see Figure 1. Essentially, it 
mechanically designs the exchanger 
and prices the components to arrive 
at a total. The input data consist of 
heat transfer area, design pressure, 
tube size and type, etc. From the 
input data, the shell size, thickness, 


PROCESS DESIGN 4 


and other mechanical design charac- 
teristics are calculated. Unit prices 
are applied to the components and 
the costs are totalized into either shell 
or bundle cost. All significant data 
are printed out. The program will 
handle 3 types of exchangers, as well 
as 15 different materials of construc- 
tion for each component. 

This procedure would be very te- 
dious by hand, but is a simple matter 
by computer. The method is com- 
pletely flexible, giving answers of 
comparable accuracy over the full 
range of variables. Up-to-date ex- 
changer prices are not needed to 
maintain a fair degree of accuracy, 
since the cost of components can be 
obtained largely from published price 
lists. Furthermore, this program can 
generate (with accuracy ) 
the cost of a peculiar type heat ex- 
changer from the cost of components, 
even though no actual bid prices are 
available on the heat exchanger itself. 
Incentives and future plans 

The use of computers in engineer- 
ing design and cost estimating can 
save money in vielding designs which 
represent better, cheaper units, and 
in reducing the manpower required. 
Savings obtainable through better de- 
signs are an order of magnitude 
greater than manpower savings. 
Actually, like many other technologi- 
cal developments, the advent of com- 
puters may open up sO many new 
possibilities that operation for maxi- 
mum profit will require an increase in 
technical personnel. 

Best designs involve optimization 

Ideally, designs are optimized by 
balancing investment, operating costs, 


INPUT DATA 
MINIMUM APPROACH 
TEMPERATURE 


CALCULATIONS 


INVESTMENT AND 


CALCULATIONS 


PROFIT 
CALCULATIONS 


HAS MAXIMUM 
PROFIT CASE 
BEEN REACHED 


1 PROGRAM 


INPUT DATA: 


EQUIPMENT DESIGN |+—as8our 20 PROGRAMS 


OPERATING COST PROGRAMS 


PROPERTIES, QUANTITIES, TEMPERATURES, 
PHYSICAL INFORMATION FOR ESTIMATING 
PROGRAMS, FUEL POWER COST, 
MAINTENANCE COSTS, ETC. 


1 PROGRAM 


PRINT MAXIMUM 
PROFIT CASE 


RESULTS 
EQUIPMENT DESIGN INFORMATION, 
INVESTMENTS, OPERATING COSTS 


Figure 3. Program for optimized design of tower bottoms system. 
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und product values. Traditionally, op- 
timization of designs has been han- 
dled by the application of experience 
and by using case studies. Experience 
alone can be deceptive and, at best, 
will give only a rough idea of the 
optimum. Hand calculation of case 
studies is widely done, and_ yields 
substantial design improvements with 
resultant savings. 

In short-range analysis, the use of 
computers for design and estimating 
makes more case studies practical. It 
is a relatively easv task to run off 
many cases where the appropriate 
program is available 


Computer optimization— 
the ultimate 


The next logical step is to integrate 
the design, cost estimating, and eco- 
nomic return calculations into an opti- 
mization routine on the computer 
rhis is illustrated in Figure 2. The 
flow plan shows a tower feed system 
consisting of a feed pump, preheat 
bottoms heat exchangers, furnace, and 
issociated piping. 

The problem is to determine the 
distribution of heat duty between the 
exchanger and furnace for maximum 
profit. Figure 3 is a logic diagram of 
i computer approach to this problem. 

In general, the solution would take 
the following form. The inlet temper- 
iture for the tower would be cal- 
culated from the required fractiona- 
tion. Assuming, as a first case, that 
the maximum amount of heat is trans- 
ferred in the exchangers (minimum 
approach temperature between hot 
ind fluid), design programs 
would take over to design the fur- 
nace, the heat exchanger train, the 
piping, and the pump capacity re- 
quired. The next step would be an 
economic evaluation, including an 
estimate of the investment and oper- 
iting costs for each of the components. 

The estimated investment and op- 
erating costs would be stored for 
future reference. The program would 
then proceed to iterate in intervals of 
approach temperature — (transferring 
nore and more of the heat load from 
exchangers to furnace). At each of 
these intervals all of the equipmen’ 
would be redesigned, the investments 
would be re-estimated, and the oper- 
ating costs recalculated, followed by 
a calculation of the profit on the dif- 
ferential investments involved. 

Once the optimum had been found, 
complete design information, includ- 
ing an estimate of investment, would 
be printed out. The optimum would 
then become the design basis. The 
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design having been done on an inte- 
grated system, it would contain the 
multiplicity of small economies that 
would not be made in designing the 
components separately. 

A problem such as this could be 
worked out by hand, of course. A 
close approach to the optimum could 
be obtained by designing and esti- 
mating several cases. However, this 
is expensive. In practice, this type of 
problem is seldom calculated rigor- 
ously. The optimum approach temper- 
ature is selected on the basis of past 
experience. This experience may or 
may not give valid results, depending 
on the particular case. It is very diffi- 
cult for past experience to properly 
indicate such factors as differing rela- 
tive investment costs (heat exchanger 
vs. furnace) and fuel values at many 
different locations. 

Essentially, all crude oil pipe stills 
have a preheat system roughly similar 


KELLETT PERLEY 


J. W. Kellett and A. S. Perley are long 
time members of the Esso Research 
and Engineering Lab. They have both 
covered the field of computers in eco- 
nomic design extensively in their work 
with the New Jersey firm. Kellett at 
present heads a group in computer 
applications in the Design Engineering 
Division. Perley has spent his entire 
working career with Esso, joining the 
firm in 1947 shortly after graduation 
from Lehigh University, where he ob- 
tained a BS in Mechanical Engineering. 
He is a section head in the planning 
engineering division. 


to that shown in Figure 2. The 
investment for a 100,000. bbl. day 
atmospheric pipe still is about $5,000,- 
000 of which about half is due to the 
preheat bottoms system. The incentive 
for a reduction in investment of only 
a few percent is obvious. 


Much effort for optimization 


The example above is a consider- 
able over simplification of the problem 
of optimizing a preheat system. In 
actual practice, the final temperatures 
are not really fixed, and one has to 
consider not only the pump, preheat 
exchanger, and furnace, but also the 
heat transfer and fractionation in 
various sections of the tower. To con- 
sider all the variables is a complex 
problem, probably insurmountable by 


hand calculations. The size and com- 
plexity of the computer program re- 
quired is shown in Figure 3. 

Before a system such as this can 
be optimized, satisfactory methods for 
designing and estimating the compo- 
nents must be developed and_pro- 
grammed. Furthermore, methods must 
be devised and programmed for esti- 
mating marginal operating costs and 
product values. But the biggest prob- 
lem is to develop a procedure to 
handle and optimize all the variables 
efficiently. This is an area which is 
relatively untouched so far. 


Future programming 


Work is continuing in program- 
ming component calculations for the 
704. These are intended for use as 
building blocks in programs for doing 
a large part of the design and cost 
estimating work. In design work, a 
general dew point, bubble point, and 
equilibrium flash vaporization pro- 
gram has recently been completed, in 
which the input data consist only of 
the hydrocarbon composition and 
conditions. The equilibrium flash pro- 
gram itself will in turn be part of the 
condenser and vaporizer section of 
a general heat exchanger program, 
which will design essentially any shell 
and tube heat exchanger. Another 
program recently finished does the 
complete heat and material balance 
calculations for a pipe still. 

In the field of cost estimating, work 
is proceeding on programs for pumps, 
compressors, and electrical power fa- 
cilities, and will be extended to fur- 
naces and other parts of basic process 
units. Subsequently, integration of the 
design and cost estimating programs, 
such as those for heat exchangers and 
furnaces, is planned. 

The ultimate goal in this work 
is, of course, completely integrated 
programs for design, cost estimating, 
and economics, set up to yield op- 
timum designs. How closely this goal 
may be economically approached at 
anv future date depends on when the 
methods required to optimize effi- 
ciently will be developed, and when 
sufficiently large, fast, and more 
easily programmed computers will be- 
come available. But it is clear that 
there is a tremendous incentive for 
trving to attain optimum designs, and 
that if they are feasible, they will be 
made on a computer. They certainly 
will never be done by hand. 
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The 231R Analog Computing System of 
Electronic Associates in operation. 


Analogs show the way 


Turoporre J. Witiiams AND Veruin A. LAUHER 


Inherent quality of simulation makes analog 
computers a natural for telling a story. Use them 
as teaching aids in classrooms, laboratories, and 
in-plant instruction courses. 


T he analog computer has shown it- 
self to be an excellent teaching aid in 
presenting the dynamic behavior of 
physical and chemical systems. The 
feelings of the authors regarding the 
use of analog computers as teaching 
aids are expressed in the motto of 
one of the manufacturer's of analog 
computing equipment. “The analog 
wav is the model way.” This article 
is a comprehensive listing of these 
computers with tabulations of the 
components required for typical class- 
room demonstration problems. 


An analog computer, especially if 
it is of the electronic differential ana- 
lyzer type, can be readily wired to 
simulate the behavior of a wide 
variety of physical systems. That is, 
it becomes an electronic model of 
each physical system and duplicates, 
through the variations of its internal 
voltages, the changes in the dependent 
variables of the process being simu- 
lated. It thus becomes one of the most 
effective classroom and _ laboratory 
demonstration aids possible, because 
it is then not necessary for the in- 
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structor to build physical representa- 
tions of each of the examples being 
covered, Since the action of every 
dependent variable of the process can 
be recorded, an analog computer 
demonstration is often more vivid 
than the observation of the actual 
process itself, particularly if a chemi- 
cal reaction or other non-visible phe- 
nomenon is being simulated. 


Some example simulations 
Table 1A lists 31 different class- 
room-sized demonstration problems 
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which have been described in avail- 
able literature. They are divided into 
linear (no multiplication or division 
required to solve the problem) and 
nonlinear (multiplication and/or divi- 
sion required) type problems. This 
separation has been made because 
most small-scale analogs do not come 
equipped with multipliers or facilities 
for division. However, these devices 
can be readily procured (Table 6) 


and will fit nearly all of the small 
computers. Unfortunately, they are 
among the most expensive items of 
computer hardware and can easily 
cost as much as the rest of the com- 
puter, in some cases, The problems 
listed in Table 1A are ntondied to be 
only representative of possible types. 
Many more could be listed. Table 1B 
lists the number of each type of com- 
puter component necessary to carry 


out the simulation of each of the 
problems of Table 1A. These listings 
should be helpful when compared 
with the specifications of specific 
small-scale analog computers listed 
in Table 2. 

The chemical engineering instruc- 
tor should note particularly the low 
proportion of chemical engineering- 
type problems that can be carried out 

continued on page 74 


Table 1A. Some example problems 

suitable for small-scale analog 

computation. 

A. Linear Systems—No function gen- 
eration or multiplication required. 

— Falling body subject to gravita- 
tional force, no air resistance( 11] ) 
Falling body subject to gravita- 
tional force and subject to a resis- 
tive force proportional to velocity 
(11) 

Simulation of the action of a 
bouncing ball (1, 10) 

- Vibrations in a mass-spring-damper 
mechanical system (7, 10, 11) 
Forced vibrations in a mass-spring- 
damper mechanical system (11) 
Vibrations in a mass-spring-damper 
system with elastic stops (6) 
Oscillations of a tuned torsional 
pendulum (1, 10) 

- Modes of vibration of a cantilever 
beam subjected to tip displace- 
ment (13) 

Consecutive and _ reversible _first- 
order chemical reactions (14) 
Loading on a bridge caused by a 
vehicle (8) 

Mixing of chemical solutions in a 
series of well-stirred tanks. Ex- 
ample shown is for two tanks (11) 
Simulation of an isothermal cata- 
lytic reactor with a first-order re- 
action and axial diffusion only. 
Steady state operation (7) 
Process dynamics of a shell and 
tube heat exchanger (16) 
Dynamics of a high speed adap- 
tive control system (10) 

Nonlinear Systems — Multiplication 
and/or function generation re- 
quired. 

Falling body subject to a medium 
whose resistance is proportional to 
the square of the velocity (11) 
Trajectory of a bomb or artillery 
shell (1, 10) : 
Trajectory of a long-range ballistic 
missile, including firing and ballis- 
tic phases of programmed flight 
(10) 

Vibrations in a mass-spring-damper 
system with a ccalean spring 
constant and either elastic or in- 
elastic stops (15) 

- Composition in a well-stirred tank 
with different input and output 
compositions 

Kinetics of a set of simultaneous 
and consecutive second-order re- 
actions (10) 
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Simulation of a tubular reactor 
with a first-order reaction. Tem- 
perature and rofile 
of reactor calculated vs. length (7) 
Simulation of the intake, exhaust 
and cylinder system of a recipro- 
cating gas compressor (7, 10) 
Dynamic characteristics of a dis- 
tillation column. Example shown 
is for three plates (7) 
Determination of the shape of the 
liquid zone in the zone-refining of 
metals or the shape of unsupported 
liquid drops (13) 

Simulation of the pressure control 
in a pneumatic system (7) 
Automatic control of the tempera- 
ture in a heat transfer process con- 


sisting of a well-mixed kettle and 
jacket (10) 
Automatic control of the output 
of a reaction process consisting of 
a well-stirred reactor and a second- 
order process (10) 

Automatic control of a shell and 
tube heat exchanger (16) 

Solution of Mathieu's equation, 
y'+ (1-E cos t) y= O (11) 
Solution of Legendre’s equation, 
— y + n(ntl)y=0. 
Example shown is for n = 4. (1!) 
Solution of van der Pol’s equation, 


Table 1B. Equipment required to solve example problems of Table 1A. 
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> ANALOG COMPUTERS 


Table 2. Recommended standard computers as specified by various manufacturers. 


Drove 
—& & Fwuncrion & E 
MANUFACTURER'S & = € & § ES & > 
No. Desicnation & 9 = - © = bo 
EE ERS PEE EE 
1 Computer 
Systems 12 6 6 B i 2 16 X X 4 
MC-400 
2 Donner 2 1 
B. Model 3100 90 15 15 .. .. ev ae is 2 
C. Model 3100 40 15 15 10 .. .. 6 6 aaa 2 a - 
Expanded 
Nonlinear 
2 1 
D. Model 3400 10 10 A A 2 
E. Model 3500 10 10 10 
2 1 
F. Model 3600 10 10 A A 1 xX xX 2 x > = 
(To be 
announced ) 
8 Heath 
400 
4 Philbrick K5-U 
A. Asst. 51 § §5 1 20 ae x 
B. Asst. 52 10 10 1 40 _ a X 
C. Asst. 53 15 15 1 60 ae xX 
D. Asst. 54 20 20 a 2 80 a xX 
5 PACE TR-10 
A. Basic 10 4 6 l 35 xX x 
Expanded 4 
C. Nonlinear 2 xX? 1 24 80 2 xX 
Expanded 
PACE 221R 
B. Expanded 6X 6 . 6 80 X A X X 9 12 xX xX 
6 REAC 12 6 i wa gah. 418 X 48 xX 
C 301 
C 302 
lateur Analogi- 
que Repetitif 
S.E.A. Analog 
Computers 
L-2 
P-2 
8 Shorts 18 Var Var .. .. .. Var Var Var 
General 
Purpose 
Analogue 
Computer 
9 Solartron 46 %X X X X 4 we 
Space “30” 
NOTES 


1. Data presented has been derived from manufacturer's literature. Since specifications often change with time, the most recent 
literature should be reconsulted to verify the data on any particular computer before purchase. 
2. The “X” mark in a column in the table is taken to mean a yes answer; dots indicate no or none; “A” in the column indi- 


cates the — component is available; and “Var” means the number of the components is variable, subject to the require- 
ments of the purchaser. 
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on a linear machine. The vast ma- 
jority of chemical process dynamics 
problems are nonlinear, unless they 
entail only first-order reactions, and 
otherwise have only temperature. and 
flow-insensitive parameters. Such cases 
are rare for realistic situations. 


Available small analogs 
A listing of all the small-scale ana- 
log computers suitable for classroom 
or laboratory demonstration use is 
given in Table 2, according to trade 
name. Corresponding manufacturers 
are listed in Table 3. In the interests 
of portability and/or relatively low- 
cost, only the small computers have 
been listed in these tables. However, 
the manufacturers of large-scale equip- 
ment are listed in Table 4 for those 
interested. Prices of the computers 
listed range from about $200.00. for 
the Heath EC-1 in kit form, through 
approximately $4000 for nonlinear 
versions of the Donner Model 3400, 
to $8000 for the nonlinear component 
versions of the PACE TR-10, and to 
approximately $20,000 for the fully- 
expanded Donner Model 3100) and 
basic PACE 26-221R. There are sev- 
eral possibilities available in the 
$1000-5000 price range. Thus the 
choice is determined only by the in- 
structor’s budget vs. computing flexi- 
bility balance, As mentioned before, 
because of the large proportion of non- 
linear problems in chemical systems, 
the chemical engineering instructor 
must usually purchase a more flexible 
and capable system than others, 
continued on next page 


Table 4. Manufacturers of large- 
scale analog computing systems. 
1. Berkeley Division, Beckman Instru- 
ments, Inc. 
2200 Wright Avenue 
Richmond 3, California 
(EASE 1100 Series Analog Com- 
puters ) 
Computer Systems, Inc. 
611 Broadway 
New York 12, N. Y. 
(MC-5800 Master Precision Analog 
Computer and MC-5900 Process 
Master Simulator and Computer ) 
Electronic Associates, Inc. 
Long Branch, N. J. 
(26-231R Electronic Analog Com- 
puters ) 
George A. Philbrick Researches, Inc. 
285 Columbus Avenue 
Boston 16, Massachusetts 
(GAP/R K3 and K5 Series Analog 
Computers ) 
Reeves Instrument Corporation 
East Gate Blvd., Roosevelt Field 
Garden City, L. L, New York 
(REAC 400 Series Analog Com- 
puters ) 
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Table 3. Manufacturers and their tradenames.* 


TRADE NAME 


Computer Systems 


Donner 


Heathkit 


Philbrick K5-U 


5 PACE 


6 REAC C301, C302 


Shorts General Purpose 
Analogue Computer 


9 Solartron Space 


‘30° 


MANUFACTURER 


Computer Systems, Inc. 
611 Broadway 
New York 12, N. Y. 


Donner Scientific Company 
Concord, California 


Heath 
Benton Harbor, Michigan 


George A. Philbrick Researches, Inc. 
285 Columbus Avenue 
Boston 16, Massachusetts 


Electronic Associates, Inc. 
Long Branch, New Jersey 


Reeves Instrument Company 
East Gate Blvd., Roosevelt Field 
Garden City, L. L, N. Y. 


Societe d’Electronique et d’Automatisme 
138 Boulevard de Verdun 

Courbevoie, Seine 

France 

Short Brothers and Harland Limited 
208a East India House 

Regent Street, W. L 

London, England 


The Solartron Electronic Group Ltd. 
Thames Ditton 
Surry, England 


° Number corresponds to listing of Table 1. 


One of the latest developments in analog computers is the small, self-con- 
tained, transistorized model. This one is the PACE TR-10 of Electronic Associ- 


ates. 
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Williams Lauher 
Theodore J. Williams is engineering su- 
pervisor in charge of the applications 
group at Monsanto's systems engineer- 
ing section. Williams, who has degrees 
in both electrical and chemical engi- 
neering, taught at the Air Force Insti- 
tute of Technology before joining 
Monsanto. V. A. Lauher is also in Mon- 
santo’s Research and Engineering Divi- 
sion, in the applications group. An 
electrical engineer, he joined the St. 
Louis firm in 1957 as a member of the 
analog computer theory group. 


Table 1B includes a listing of the 
type of recording equipment required 
for each problem. Strip chart recorders 
are priced between $500 to 1,000 per 
channel. At least two channels are 
necessary for problems so designated. 
X-Y recorders are priced in the $1500, 
and above, range. Oscilloscopes can 
be used in place of either type of 
recorders. The regular 7-inch scope 


can be purchased in the under-$500 
range, but this size is quite small for 
classroom use. A 17-inch television 
tvpe oscillograph is available for ap- 
proximately $1500, Repetitive opera- 
tion must be available on the compu- 
ter if an oscilloscope is to be used. 
Table 5 lists some representative 
manufacturers of recording gear. 

Table 6 lists some manufacturers of 
multipliers and function generators. 
Servomultipliers can be had for about 
$1500 and up. They normally permit 
multiplication or division of each of 
five variables by one other. Elec- 
tronic multipliers are available for 
about $500 per multiplication or divi- 
sion, and usually come in groups of 
two or three. They are completely 
flexible in operation, unlike the servo- 
multiplier. Electronic function gene- 
rators in the price range of $1000 per 
channel are available. Servomultipliers 
which are also capable of function 
generation are readily available at a 
somewhat higher price than those 
capable only of multiplication or divi- 
sion. 


Summary 
It is possible for one to procure an 
effective analog computer for class- 


Table 5. Representative manufacturers of recording equipment.* 


A. OSCILLOSCOPES 
1. Allen B. DuMont Laboratories, Inc 
760 Bloomfield Ave. 
Clifton, New Jersey 
Heath Company 
Benton Harbor, Michigan 
(Manufacturers of Kits) 
3. Hewlett Packard Company 
275 Page Mill Road 
Palo Alto, California 
4. Tektronix, Inc. 
P. O. Box 831 
Portland 7, Oregon 
B. Strip CHART RECORDERS (multivari 
ables vs. time) 7 
l. Benson Lehner Corp. 
11930 W Olympic Blvd. 
Los Angeles 64, California 
2. Brush Electronics 
3405 Perkins Avenue 
Cleveland 14, Ohio 
3. Century Electronics & Instruments 
Inc 
1333 N. Utica 
Tulsa 10, Oklahoma 
1. Electronic Associates, Inc. 
Long Branch, New Jersey 
Minneapolis-Honey well Regulator 
Co 
Heiland Instruments Division 
5200 East Evans Avenue 
Denver 22, Colorado 
6. Offner Electronics, Inc. 
5326 Kedzie Avenue 
Chicago 25, Illinois 
7. Reeves Instrument Corporation 
East Gate Blvd., Roosevelt Field 
Garden City, L. L, N. Y. 


to 
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8. Sanborne Company 
39 Osborne Street 
Cambridge 39, Massachusetts 
9. Varian Associates 
Instrument Division 
611 Hansen Way 
Palo Alto, California 
C. X-Y Recornpers (Most of these are 
also convertible to function gener 
ators ) 
1. Electronic Associates, Inc. 
Long Branch, New Jersey 
Houston Instrument Corporation 
1717 Clay Avenue 
Houston 3, Texas 
3. Librascope Incorporated 
808 Western Avenue 
Glendale, California 
4. Link Aviation, Incorporated 
Binghamton, New York 
5. F. L. Moseley Company 
409 No. Fair Oaks 
Pasadena, California 
6. Societe d’Electronique et d’Auto 
matisme 
138 Boulevard de Verdun 
Courbevoie (Seine ) 
France 


to 


* No attempt has been made here to give 
a complete listing of manufacturers of re- 
cording equipment. Such a list would be 
too long for this paper For more com- 
plete listings, the reader is referred to 
the “Electronic Buyer's Guide & Refer- 
ence Issue” of Electronics, June 1959- 
Mid Month Issue. Also, June 1959 issue 
of Computers & Automation. 
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Table 6. Manufacturers of multiplica- 
tion & function generation equipment. 
1. Berkeley Division, Beckman Instru- 
ments, Inc. 
2200 Wright Avenue 
Richmond 3, California 
2. Donner Scientific Company 
Concord, California 
3. Electronic Associates, Inc. 
Long Branch, New Jersey 
4. G. A. Philbrick Researches, Inc. 
285 Congress Avenue 
Boston 16, Massachusetts 
5. Radio Corporation of America 
Front and Cooper Streets 
Camden, New Jersey 
6. Reeves Instrument Corporation 
East Gate Blvd., Roosevelt Field 
Garden City, L. L, New York 


room demonstration for as little as 
$400-500, if purchased in kit form. 
However, a much more reasonable 
figure for a complete set-up, particu- 
larly for chemical-type problems, 
would be $5,000. This would in- 
clude a 10-15 amplifier computer, 2 
channels of multiplication, one chan- 
nel of function generation, and the 
proper recording apparatus. Such a 
unit would be invaluable for class 
room demonstration of the solutions 
of linear and nonlinear differential 
equations, the dynamics of chemical 
processes, chemical kinetics, and auto- 
matic control action and its effect on 


process dynamics. 
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Soda ash 


from trona 


Modern soda ash trend is to the production of the soda ash from the 
less costly, and practically unlimited supplies of trona 


F oop MACHINERY AND CHEMICAL 
Corroration recently announced ex- 
pansion of its soda ash-from-trona 
plant at Westvaco, Wyoming, to 475,- 
000 tons/yr. (1). This is of consider- 
able importance for manufacturers 
and users of this mass-produced 
feos oath the third largest chemical 
produced tonnage-wise. Progress since 
1953 in the development of this source 
of soda ash has vast future signifi- 
cance. 

Until 1949, about 94% of the soda 
ash produced in this country (3, 4) 
was manufactured from common salt 
and limestone by the ammonia-soda 
process, invented in the early 1800's 
(2). A list of all of the pec ee of 
ash in the United States is shown in 
Table 1. In the chemical industry 
rarely has any major process stood 
unchallenged for nearly a century. 
Now a way has been found to make 
a superior product at roughly half the 
capital investment and substantially 
lower production cost. 

In 1957, about 13% (3) of the ash 
produced in this country came from 
the natural brines of Searles and 
Owens Lakes and from Wyoming 
trona. Of this 13% (697,000 tons) 
about one-third came from the plant 
of Intermountain Chemical Co. (90% 
owned by Food Machinery), from the 
refining of trona, sodium sesquicar- 
bonate—Na,CO, . NaHCO, .2H,0. 

The ammonia-soda process uses 
simple raw materials found in many 
places—salt, limestone, and coke. The 
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process is straightforward, but does 
require quite precise control and is 
economical only on a large scale 
basis. The selling price of ash has not 
kept pace with the increased cost of 
most other chemicals, with the result 
that today the high capital cost (5, 9) 
relative to profit, explains why no 
new ammonia-soda plants have been 
built since 1935. Until Westvaco built 
its pilot plant in 1947, and the 300,- 
000 ton/yr. refined ash plant in 1953, 
no new ammonia-soda ash producer 
had entered the industry since 1912. 

For many years profits from exist- 
ing, more or less completely written- 
off ammonia-soda plants were quite 
poor, and with no prospect of reach- 
ing reasonable earnings without a 
substantial price increase (this has not 
materialized). Technologically, the 
ammonia-soda process has slowly and 
steadily improved over many years. 
It is safe to state that production costs 
cannot be materially improved by any 
change in process or equipment at 
this time (13, 14). Before 1935, plants 
represented less than $10,000 in- 
vested/daily ton of capacity (9), 
which now have been nearly com- 
pletely depreciated. These plants, if 
duplicated today, are estimated to cost 
$30-35,000/daily ton of ash capacity 
(1, 9, 13)—approximately double the 
cost of the Westvaco plant (5, 7). The 
return on a new ammonia-soda plant, 
at today’s selling price ($31/ton for 
light ash) woul something less 
than 2%, after taxes. 


Consumption of ash is increasing 
at the rate of about 170,000 tons/yr. 
(3, 11)—the situation confused by 
the use of caustic to replace ash when 
caustic is “long”. Thus sooner or later, 
new production capacity will be re- 
quired but this will have to come 
from processes other than ammonia- 
soda. This explains why the major ash 
producers are actively studying the 
ash-from-trona situation today; why 
Diamond Alkali is currently exploring 
the Wyoming trona deposits (1) and 
why at least four companies have sub- 
stantial leased holdings adjacent to 
the Westvaco plant. 

The chlorine-caustic imbalance in 
recent years has diverted considerable 
ash (once made into caustic) to other 
uses (11). Rather than dump the 
surplus caustic into the Gulf at con- 
siderable expense, Dow has entered 
the soda ash business in Texas by 
carbonating caustic with flue gas. 
This downgrading of caustic is of 
course justified under the circum- 
stances but with conventional book- 
keeping, where the cost of chlorine 
cell operation is divided about equally 
between caustic and chlorine, the 
cost of producing such ash is likely 
to be high. 

Much of the gain in chlorine-caustic 
soda capacity has been at the expense 
of lime-soda caustic, made in con- 
stantly decreasing quantities (8% in 
1957) and thus releasing ash for other 
uses. 

Average production cost of the 
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ammonia-soda producers, with today’s 
depreciated plants, is estimated by 
the writer at about $20/ton; the cost 
of production from Wyoming trona 
is estimated to be substantially lower 
than this. With prevailing relatively- 
low freight rates, Wyoming ash can 
be shipped to eastern, southern, and 
western markets and can compete with 
the producers there, as is being done 
today. 


History of Wyoming trona deposits 


Geologists have offered many theo- 
ries of the formation of the trona 
deposits, but without general agree- 
ment. The trona deposits lie in the 
geologically ancient Lake Gosiute that 
covered an area of some 30,000 sq. 
mi. extending from Wyoming into 
Utah and Colorado (6). During the 


Eocene period, this lake was an im- 
pressive body of water; it lay near 
sea level and abounded with plant, 
animal, and bird life. Natural waters 
entering the lake carried heavy loads 
of salts, and evaporation eventually 
saturated its water with sodium salts. 
Trona is believed to have come from 
the reaction of solutions of carbonates 
of lime on analcite beds, and from the 
leaching of alkaline silicates by sur- 
face waters, followed by concentration 
of sodium carbonate in the lake, and 
finally the deposit of the salts. 
Sodium brine in shallow 
wells was discovered at Green River, 
Wyoming, (4, 6, 12) before 1900. 
In 1907 the Western Alkali Corp. 
used the brine from 13 wells, ine 
evaporating it and crystallizing sal 
soda, Na,CO,.10H,O. The operation 
lost money and was abandoned about 


PROCESS DEVELOPMENT 


1920. Similar brine has also been 
found at Eden, some 36 miles north 
of Green River. 

In the summer of 1938, the Moun- 
tain Fuel Supply Co., while drillin 
for oil 18 miles west of the town 
Green River, to a depth of 3169 ft., 
found not oil or gas, but a vast de- 
posit of trona, sodium sesquicarbonate 
—Na,CO,.NaHCO,.2H,O at a depth 
between 1490 and 1510 ft. Following 
this discovery, the Union Pacific R.R. 
drilled five core holes during 1940- 
1942 to determine the limits of the 
ore body. These holes were drilled 
some 1600 ft. below the surface and 
all of them found trona, varying from 
7 to 11 ft. in thickness. The bound 
limits of the deposit were not defined. 

In 1947, Westvaco drilled four 
additional holes and confirmed the 
findings of Mountain Fuel and Union 
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Figure 1. Flowsheet of soda ash production from trona process used by Intermountain Chemical Co., Westvaco, Wyoming. 
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Pacific, proving up a total of about 
0 sq. mi. containing some 250 million 
tons of trona, sufficient to produce 
75 million tons of refined soda ash 

As of the end of 1958, a total of 
ubout 20 holes, drilled by Mountain 
Fuel, Union Pacific, Potash Company 
of America, Westvaco, and others, had 
proved up more than 50 sq. mi. of 
trona, but without outlining the limits 
of the ore body 

Phe main trona deposit is intimate- 
ly associated with oil, bentonite, and 
clay shales of the Green River forma- 
tion. The trona deposit is mostly dry 
and tree of water, but occasionally 
considerable flow of water is en 
countered, and small pockets of gas 
frequently found make good ventila 
tion mandatory (6, 7). Many thin 
seams of trona varving in thickness 
from a fraction of an inch to 8 in 
or more, lie above the main deposit 
at the 1500-ft. level, and two thin 
seams lie a little below it. In general 
there is a total of some 50 ft. of trona, 
but wnfortunately only the main 7 
to 11-ft. seam is commercially minable 
by present techniques 

Westvaco — first proposed to drill 
holes to the main trona bed = and 
pump a trona brine to be concentrated 
and refined, as Western Alkali Corp. 
did originally. But trona is soluble in 
water only with great difficulty and 
the capacity of a “well” was very 
little. This approach was therefore 
quickly abandoned in favor of direct 
inining methods similar to those used 
for coal and salt (6, 7). 

In 1946 a 12-ft. diam. concrete-lined 
shaft (No. 1) was sunk to the 1500-ft. 
level, the mine partially developed, a 
hoist installed, and a small pilot plant 
erected to crush, caleine, and screen 
the natural ore. As the insolubles in 
the trona are not removed (averaging 
about 69%), the final product of this 
operation is crude ash satisfactory for 
Mans applications not requiring con- 
ventional refined ash. 

The development of the mine and 
the operation of the crude soda ash 
plant taught the operators much 
about this unusual deposit, the best 
mining system, ventilation required to 
remove gas infltration, and the solution 
of many other problems (6, 7) 

The room-and-pillar method is used 
with ordinary coal-mining machinery, 
modified to handle the heavier and 
more abrasive trona, The rooms are 
normally about 8-ft. high (the exact 
thickness of the trona deposit), 20-ft 
wide, and 250-ft. long—on 65-ft. cen- 
ters. Pillars are extracted on the re- 
treat by a system of split pillars and 
a protective fender between the cave 
and the mining face. Overall extrac- 
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tion is in excess of 75% of the avail- 
able trona. The mine is “trackless” to 
take advantage of the saving in haul- 
ing costs by the use of belt conveyors 
wherever possible 

In 1950, a plant of 30,000 ton ‘yr. 
capacity was designed and built, with 
provisions for easy expansion later to 
at least twice this capacity. 

The process used by Westvaco is 
shown on Figure 1, (5, 8, 15). Trona 
from the working faces is delivered 
by shuttle car to a 36-in. convevor 
belt system several miles long, de- 
signed to handle in excess of 350 
ton/hr. running from fines to lumps a 
foot long. The belt discharges into a 
permanently positioned 21 * 60 in. 


H. A. Sommers is 
with Pennsalt Chem 
icals, and also has 
his own consulting 
practice in Allen 
town, Pa. As chief 
engineer for Food 
Machinery and 
A Chemical for sev- 
eral years, Sommers 
was project man- 
ager of a soda ash plant from natural 
trona at Green River, Wyoming, be 
lieved to be the only one of its kind. 
Sommers, who holds two patents, has 
authored several articles for CEP. The 
most recent was based partly on travel 
he had done in Europe in connection 
with chlorine plant rehabilitation. 


single-roll toothed crusher, elevated 
over a 36-in. drag conveyor. This re- 
ceives the minus 3-in. trona and con- 
veys it some 60 ft. into an under- 
ground storage pocket of 800-tons 
capacity near the bottom of No. 2 
shaft. 

The ore storage pocket discharges 
into the hoisting skips through an 
apron feeder, timed to fill automati- 
cally-weighed hoppers holding the ex- 
act load capacity of the skips, 6 tons. 
The operation is entirely automatic 
but can be controlled manually if 
desired. 

The No. 2 shaft, 14-ft. diam. con- 
crete-lined, some 1100 ft. west of No 
1 shaft, contains the two counter- 
balanced skip hoists. These shafts are 
near surface operations. A third shaft, 
No. 3, 18-ft. diam. also concrete-lined, 
was installed in 1956 and is located 
1% miles south of the plant to provide 
additional ventilation. No. 3 is “down- 
cast’, providing air for the entire 
mine operation. No, 2 is the produc- 
tion and exit air shaft. A fresh air 
split is carried to No. 1 to permit its 
use for transporting men and = ma- 
terials in and out of the mine. 
Crushing and screening. As shown in 
Figure 1, most of the ore is passed 
directly to the hammermills, only a 
small portion going out to the stock- 
pile. The storage is necessary as the 
plant operates continuously but the 


Table 1. Soda ash plants in the United States. 


COMPANY LOCATION YEAR TYPE OF Dairy 
PLANT Capaciry! 
Solvay Process Div. Syracuse, N. Y. SSI Amm. Soda 2700 
Solvay Process Div Detroit, Mich. 1S9S Amm. Soda 2650 
Solvay Process Div. Baton Rouge, La. 1935 Amm., Soda 2150 
Columbia-Southern Barberton, Ohio 1900 Amm. Soda 1700 
Chem. 
Columbia-Southern Corpus Christi, Tex. 1934 Amm. Soda 1500 
Chem. 
Columbia-Southern Keeler, Calif. Nat. Brine 915 
Chem. 
Wyandotte Chemicals | Wyandotte, Mich. 1893 Amm. Soda 1900 
Corp. ( North ) 
Wyandotte Chemicals Wyandotte, Mich. 1927 Amm. Soda 900 
Corp. (South ) 
Diamond Alkali Co. Painesville, Ohio 1916 Amm. Soda 2200 
Olin Mathieson Chem.  Saltville, Va. 1894 Amm. Soda 1050 
Corp. 
Olin Mathieson Chem. Lake Charles, La. 1934 Amm. Soda 1500 
Corp. 
Intermountain Chem. Westvaco, Wyo. 1953 Trona 1200+ 
Company 
West End Chemical West End, Calif. Nat. Brine 530° 
Co. 
American Potash & Trona, Calif. 1920 Nat. Brine 800° 
Chem. 
Kaiser Aluminum & Lone Pine, Calif, Nat. Brine 35 
Chem. 
Dow Chemical Co. Freeport, Texas Caustic 325 
Carbonation 


' Daily capacity in short tons. 
From Owens Lake brines. 
Not operating. 


‘To be 
>From Searles Lake brines. 


increased to 1350 in 1959. 
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mine usually only two shifts/day, and 
5 or 6 days/wk, and as the mine is 
being continuously expanded, the 
amount of trona mined each day is 
not fixed. 

The ore is reclaimed from storage 
by means of a tunnel and belt under 
the pile in conventional fashion. Con- 
siderable bulldozing is necessary as 
the ore “sets up” from moisture either 
from wetting down in the mine or 
from the atmosphere. 

The minus 3-in. trona is crushed 
and screened to minus 2-in., the feed 
to the natural ash pilot plant nearby. 
Minus 2-in. is also bagged and sold 
as “Sultron”. 

Hammermills crush the trona to 

minus 10-mesh (approx.) and dis- 
charge it over Tyler screens, the 
minus 20-mesh passing through to 
the storage bins. The plus 20-mesh 
is recvcled through the mills. 
Dissolving. The minus 20-mesh trona 
is fed to two lines of 12-ft. diam. well- 
agitated dissolvers (three in series) by 
pan feeders. Mother liquor from the 
settlers is reheated with make-up 
water to 200° F (the boiling point at 
the plant elevation of 6200 ft.), and 
by direct 15 Ib. sq. in. steam. This 
puts the trona in solution. The two 
dissolver lines feed 80-ft. diam. Dorr 
clarifiers and these in turn feed into 
a similar Dorr thickener. Waste from 
this contains almost all of the in- 
soluble material (about 6% of the 
trona mined) and is pumped to a 
waste pond. 
Filtration. The overflow from the 
clarifiers is reheated and pumped into 
surge-treating tanks where a measured 
quantity of activated carbon is added 
to remove organic and other trace 
impurities that would cause foaming 
in the crystallizers. This reasonably 
clear liquor is then passed through a 
battery of Sweetland filters, precoated 
in conventional fashion, and “pol- 
ished” (15). The stream of clear and 
pure feed liquor is again split into 
two lines, and after passing through 
surge tanks, goes to a_three-vessel 
Struthers-Wells vacuum crvstallizer 
system of conventional design. 

On cooling the liquor to about 140 
F, needle-shaped sesquicarbonate crys- 
tals form which grow in size as they 
proceed, in a 20-30% slurry, through 
the three units to settlers. The thick 
slurry from the settlers is pumped to 
concentrating feeders and thence to 
Baker-Perkins continuous centrifuges 
where the crystals are dried to about 
7% moisture, 

Calcining and screening. The crystals 
from the centrifuges are conveyed 
to Struthers-Wells steam-heated cal- 
ciners. These are the largest made 


and are more or less standard in the 
ammonia-soda industry. A part of the 
discharge is recycled to prevent cak- 
ing. The Na,CO,.NaHCO,.2H,0 is 
reduced to Na,CO, by driving off the 
CO, and H,O. Unlike the ammonia- 
soda process, this plant has no use for 
the large quantities of high purity 
CO, that go to waste. 

The final product has a density of 
about 50 Ib./cu.ft. as compared to 
standard light ash of about 35. It is 
of excellent chemical quality and flows 
more freely than ammonia-soda light 
ash. The ash from the calciners is 
simultaneously transported and cooled 
in a rotating water-cooled conveyor to 
the screening plant. Here the ash 
passes over conventional screens to 
separate the various grades. Dense 
ash is produced conventionally by 
adding water to the semidense ash 
in a “cement mixer” tvpe of densifier. 
The crystals grow, and after drying in 
a Struthers-Wells unit (same as the 
caleiner), have a bulk density of 60 
Ib. 

Shipping arrangements are modern. 
Overhead storage bins are located 
directly above the tracks. Two weeks’ 
storage of ash is provided in six con- 
crete silos of conventional design. 


Solution mining of trona 


Westvaco’s original plan te obtain 
trona as brine was abandoned in 
favor of direct mining, as we have 
noted. In 1956, investigation of this 
problem was resumed (1, 10). Solu- 
tion in situ is difficult because of the 
dense nature of the deposits, horizon- 
tally disposed as they are in thin 
layers, the relative insolubility of 
trona in hot or cold water, and the 
insoluble material (clays and organic 
matter) intimately mixed throughout 
the ore. However, since direct mining 
recovers only some 75% of the main 7 
to 11-ft. deposit, solution mining that 
could tap, say 1/3 of the 50-ft. total 
of trona, might be worthwhile. 

If solution mining proved impracti- 
cal, a compromise might be the flood- 
ing of a worked-out mine, (16). If a 
saturated solution could be obtained, 
dissolving of trona in the ground 
could replace mining, hoisting, crush 
ing, screening, and dissolving opera- 
tions at considerable cost saving. If 
only a weak, less-than-saturated, solu- 
tion were recovered, the process used 
to make ash would be vastly different 


Possible refining processes 

Many ways exist to produce soda 
ash from trona (ore and/or brine) 
Various sodium compounds can be 
produced in intermediate steps by 
manipulation of brine compositions, 
temperature, and pressure: 
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1. Sesquicarbonate. 

2. Anhydrous carbonate. 

3. Monohydrate. 

4. Bicarbonate. 

On calcining (or drying), any of 
these compounds yield soda ash 
having various physical properties— 
crystal size, shape, and resulting bulk 
density. The first produces crystals of 
excellent flow characteristics and a 
semidense ash (15); the second, a 
“super dense ash”; the third, dense ash 
directly; and the fourth, bicarbonate 
and conventional light ash. 


Conclusions 

Because of the low profit from 
soda ash as made by the old, well- 
established ammonia-soda producers 
and the high cost of new plants em- 
ploying this process, the future trend 
will be to ash made from Wyoming 
trona. Here the capital cost is only 
half that of conventional ammonia- 
soda plants, and production cost is 
estimated to be substantially lower. 
Trona is available in practically un- 
limited quantity. Ash production is 
currently estimated at about 80% of 
capacity and growing at the rate of 
170,000 tons, yr. Excess electrolytic 
caustic is forcing reduction of lime- 
soda caustic, releasing ash for direct 
sale. But in 1957, only 8% of the total 
caustic produced was from lime-soda. 

Elimination of all lime-soda caustic 
production will delay, but not solve, 
the potential problem of caustic imbal- 
ance and delay for a few years the 
ultimate ash shortage. This chlorine- 
caustic imbalance is forcing a reversal 
of the caustic-from-ash situation and 
one producer is now making several 
hundred tons of ash per day from 
caustic, Current relatively low freight 
rates on soda ash make it possible to 
reach most parts of the U, S. competi- 
tively from Wyoming. 
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Typical tonnage oxygen plant cwned and operated 
by Air Products for chemical producer. 


Purify 


liquid oxygen 
via adsorption 


Experimental data cast new light on signifi- 
cance of pressure, concentration, and nature 
of contaminant. Of special interest: influ- 


ence of adsorbates on 


ach other during 


simultaneous adsorption. 


Is LOW TEMPERATURE PURIFICATION 
treatment of process streams, the de- 
sign engineer must take into consider- 
ation the complications introduced by 
possible interference by the carrier 
stream or by other interfering ad- 
sorbates. He must be concerned with 
the departure from ideal behavior of 
fluid svstems under cryogenic condi- 
tions. Few basic data, directly applic- 
able to process design or to perform- 
ance evaluation of low temperature 
adsorbers, have been made public. 
The Russian publications (3, 4, 5, 8, 
!1), which originally described the 
silica gel adsorber application to air 
separation plants, present some design 
and performance behavior restricted 
to acetylene. Kerry (6) has listed 
some practical rules and considerations 
for adsorber design. 

This article presents and discusses 
some experimental data on the be- 
havior of adsorbent beds, with dynam- 
ic conditions receiving the major at- 
tention. The data presented illuminate 
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to some extent the significance of such 
factors as pressure, concentration 
nature of contaminants, and, especial- 
ly, influence of adsorbates upon each 
other during simultaneous adsorption. 
Oxygen Plant Application. Utiliza- 
tion of adsorbers under several possi- 
ble process conditions is illustrated in 
Figure 1 for a medium pressure air 
separation process. At the highest sys- 
tem pressure, water is removed in sili- 
ca gel, alumina or other adsorbent 
drying media. The dry air is cooled 
by heat exchange with the low pres- 
sure nitrogen gas. At a reduced 
temperature, this air stream is in part 
expanded through an engine to obtain 
Before entering the ex- 
pander, this air may be passed through 
an adsorbent bed to remove carbon 
dioxide and the less volatile hydro- 
carbons, such as acetylene. Such an 
adsorber would be an alternate to the 
chemical removal of carbon dioxide. 
Adsorbers may also be located in 
the cold air stream entering the high 
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pressure column. Such adsorbers have 
special significance from the stand- 
point of plant safety if the impurities 
remain in solution up to this point, 
but exceed their solubility limit if al- 
lowed to continue with the process 
stream. The solubility limit may be 
exceeded through the concentration 
of materials in the liquid phase as a 
result of distillation process or due to 
reduction in temperature at subse- 
quent process points. 

In the sd pre the air stream 
continués into the high pressure 
column where the contaminants will 
be concentrated in the liquid bottoms. 
By the use of adsorbers in this crude 
liquid stream, it is purified before it 
enters the low pressure column. 

The oxygen product may be 
further purified by passage through 
adsorbers for removal of final traces 
of carbon dioxide or other solutes 
which have escaped previous removal 
devices. 

Experiments have been selected to 
provide data and to illustrate adsorber 
behavior under actual process condi- 
tions such as prevail in the crude 
liquid oxygen adsorbers of Figure 1. 


Experimental procedure 

The apparatus used in this investi- 
gation is shown schematically in Fig- 
ure 2. The assembly is relatively 
simple, consisting of the pure gas and 
gas mixture supply, the experimental 
adsorber columns and cooling coils, 
the analytical instrumentation and re- 
cording equipment, and the necessary 
interconnecting piping and valving. 

The adsorber columns, which varied 
in length from 4 in. to 100 in., were 
made of %-in. copper tubing, packed 
with well-sifted 48/65 mesh silica gel. 
In order to minimize the holdup of 
the liquefied mixture during a run, 
1/16-in. stainless steel tubing was 
used to interconnect the parts im- 
mersed in the liquid oxygen bath. 

The data which will be presented 
later are principally for silica gel 
Grade 01 and Grade 03 supplied by 
Davison Chemical Co. These gels are 
quite similar in characteristics (1): 

Surface area by 

nitrogen adsorp- 


tion 832 sq. m./g. 
Average pore size 22 A 
Average bulk 

density 45 lb./cu. ft. 
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Figure 1. Adsorber application in medium pressure air separation 


process. 


Density of indi- 

vidual particles 75 |b./cu. ft. 

Since it is well known that the sur- 
face area and pore volume, hence 
the capacity, of silica gel are sensi- 
tive to temperature (9), the adsorbents 
were given substantially the same re- 
activation treatment prior to each run. 
The reactivation was carried out by 
maintaining the adsorbent column at 
approximately 350°F for at least 15 
hours, and thereafter the column was 
flushed with nitrogen at the elevated 
temperature for about one hour before 
being connected to the adsorption as- 
sembly. These reactivation conditions, 
approximating those adopted in air 
plants, were found to be adequate in 
enabling us to reproduce the capacity 
values of the adsorbents. 

In a typical run, a mixture of low 
molecular-weight hydrocarbon in oxy- 


LIQUEFIED MIXTURE 


Figure 2. Experimental apparatus. 


gen was led from the mixture cylin- 
ders to the cooling coils and reservoir 
which were maintained at the normal 
boiling point of liquid oxygen. When 
the condensate filled both the coils 
and the reservoir, the needle valve 
leading to the adsorbent column was 
opened slightly to allow the ns 
mixture to flow slowly upward until 
the liquid level reached the top of 
the adsorbent column and established 
the operating pressure of about 100 
Ib./sq. in. The valves after this point 
were then opened slowly to build up 
the pressure desired in the infrared 
analyzer and rotameter. The setup 
was ready and the run was started by 
opening the toggle valve after the 
rotameter. It may be pointed out here 
that the build-up of . pressure and 
liquid level in the different stages was 
so adjusted as to avoid any possible 
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surge of the liquefied mixture through 

With a view to examining the rate 
processes involved in liquid-phase dy- 
namic adsorption, sectional columns, 
as detailed in Figure 3, were used in 
several runs. The adsorbent to be 
studied was located in these sectional 
columns placed in series, with sample 
taps between each section. The sample 
taps lead to a common manifold 
which, in turn, leads to the analytical 
equipment. In the same low-tempera- 
ture bath with the columns are the 
two sets of cooling coil-reservoir 
combinations connected in parallel for 
conditioning the mixtures to be stud- 
ied. Mixture I, entering the system 
through one coil, can be replaced by 
Mixture II through the ae indi- 
cated at the base of the cooling coils. 
Thus the columns can be subjected 
alternately to streams of different 
compositions or containing different 
contaminants. 

The superficial mass flow rate in the 
experimental runs ranged from 9 to 
75 Ib. moles/hr./sq. ft., dependent on 
the column and hydrocarbon used. 

Analyses were made by infrared 
[for details of method see (10) and 
chromatography 


Experimental results 

A chart record such as was obtained 
from a typical experimental run is 
shown in Figure 4. The adsorbate 
concentration in the effluent is plotted 
as a function of time. The dotted line 
shows the inlet concentration, which 
remains constant. The effluent concen- 
tration remains at zero until the “break 
through,” t,, is reached. The effluent 
concentration continuously increased 
until it became equal to that of influ- 
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Figure 3. Experimental adsorber details. 
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ent, indicating that the bed became 
saturated with the adsorbate. The 
time at this point is designated as ty. 
The horizontally shaded area is pro- 
portional to the saturated capacity of 
The vertically shaded 
area represents the relative amount of 
adsorbate which escapes from the ad- 
sorbent bed during passage of the 
wave front out of the bed. 

The adsorption capacity is calcu- 
lated from the time, fy, 
the adsorbate concentration in the 
influent mixture, the flow rate of the 
mixture, and the amount of adsorbent 
in the column. The capacity values 
thus obtained represent essentially the 
equilibrium capacity because of the 
relatively long column, 
small adsorbent particle size, and low 
flow rates used in experimental runs. 
This has been confirmed by comparing 
the results obtained with data from 
sectional columns. 

The recording of a typical run in a 
sectional column is shown in Figure 5. 
The breakthrough time for each sec- 
tion is as indicated. For instance, 
when the adsorbate concentration in 
the effluent after section 1 reached 
about 5 per cent of that of the influ- 
ent, the valve for sample tap 1 was 
closed and the valve for sample tap 2 
was opened. The run was continued 
until three or four of these waves were 
obtained, the last breakthrough being 
recorded until saturation was reached. 

The capacities computed for each 
section were generally in good agree- 
ment with one another (except section 
1) and with those obtained by using 
long single-section These 
capacity values are equal to the cor- 
responding equilibrium capacities de- 
termined by the static methods under 
the same temperature, concentration, 


the column 


saturation 


adsorbent 


columns. 


and total pressure. 

Wave front length. It is well known 
(2) that the wave front length of an 
adsorbent column may be determined 
by plotting the cumulative _break- 
through time for each section against 
the cumulative length of the successive 
sections, the intercept at zero time 
indicating the portion of the column 
occupied by the wave front under the 
operating conditions. 

The wave front length in cases of 
dynamic adsorption is specific for 
given operating conditions. The wave 
front shape is affected by interrelated 
factors such as the nature of the ad- 
sorbate-adsorbent system, concentra- 
tion of adsorbate in the carrier fluid, 
flow rate of carrier fluid, temperature, 
pressure in case of gas mixtures, ad- 
sorbent particle size, and perhaps, the 
length ‘diameter ratio of the adsorber. 
In an experimental bed in a cryostat, 
it is not uncommon to experience a 
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CONCENTRATION 
IN EFFLUENT 


Figure 4. Single-column run record. 


INLET CONCENTRATION 


ADSORBATE 

CONCENTRATION 
IN EFFLUENT 
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's 


TIME 


Figure 5. Sectional-column run record. 


wave front as short as 4 in. At present, 
a detailed treatment of this subject is 
bevond the scope of this presentation. 
Engineering designs for low tempera- 
ture applications are made to minimize 
the portion of the bed occupied by 
the wave front. 


Light hydrocarbon adsorption 

The adsorption, by silica gel, of 
methane, ethane, and ethy lene from 
liquid oxygen proceeded experimen- 
tally in accordance with the general 
pattern shown in Figure 4 and Figure 
5. 

The experimental results for the ad- 
sorption of these hydrocarbons under 
various conditions are summarized in 
Table 1. 

A Freundlich-type plot for the ad- 
sorption of methane, ethane, and ethy- 
Figure 6. Wifhin 


lene is shown in 


the concentration ranges covered, the 


capacity of silica gel for ethane and 


( LB. SILICA GEL. ) 


ethylene is, in the log-log plot, a 
linear function of their concentration 
in the liquid mixture. These capaci- 
ties may be represented by the follow- 
ing expressions: 
For ethane: 
log N’ 0.729 log p 
For ethylene: 
log N’ = 0.148 log p 
Where: N’ 


4.113 


1.400 
adsorptive capacity 
of silica gel (lb. of 
ethane or ethvlene 
per Ib. of silica gel). 
ppm of ethane or 
ethylene in liquid 
oxygen. 
Extrapolation may be made, either 
graphically or analytically, to a limited 
extent, to estimate the capacity of 
silica gel at liquid oxygen temperature 
for these hydrocarbons outside the 
experimental concentration ranges. 
With respect to the selectivity of 


100 


PPM. OF HYDROCARBON IN LIQUID OXYGEN 
Figure 6. Silica gel capacity for ethane, ethylene, and methane at LOX 


temperature. 
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silica gel, it may be noted that silica 
gel has a Pons | higher capacity for 
ethylene than for ethane. Reasoning 
from the relative degree of unsatura- 
tion, silica gel is expected to have the 
same or even higher capacity for 
acetylene, compared at the same con- 
centration. The data of Ishkin and 
Burbo (4) on acetylene-silica gel are 
also shown in Figure 6. A quantitative 
comparison should not be attempted 
with these data in view of the low 


the ethylene concentration used was 
considerably below its solubility im 
both liquid media and that there was 
probably little difference in the inter- 
ference exerted by liquid oxygen and 
nitrogen at the operating conditions. 
It should be used that the gel capa- 
cities listed in Table 1 are substantial- 
ly lower than would be the case 
in the absence of the oxygen-nitrogen 
liquid medium. 

As long as the carrier fluid, ie. 


(ETHANE AND ETHYLENE) EQUIVALENT 
EQUIVALENT 


CONCENTRATION 
IN EFFLUENT 


Figure 7. 


Idea,ized chart record for simultaneous dynamic adsorption by 


silica gel of ethane and ethylene from LOX. 


ETHANE EQUIVALENT 


ETHANE -OXYGEN CUT OFF 
ETHYLENE -OXYGEN SWITCHED ON 


CONCENTRATION 
IN EFFLUENT 


Figure 8. idealized chart record for displacement of ethane from silica gel 


by ethylene. 


concentration of acetylene, less than 
one ppm, used in the Ishkin-Burbo 
experiments, and their relatively high 
mass flow rates. Nevertheless, the re- 
sults clearly indicate that silica gel is 
highly selective for removal of the 
more dangerous acetylene and olefins 
among the hydrocarbons in crude 
liquid oxygen. 

Silica gel has proved to possess an 
extremely low capacity for methane, 
which would be readily displaced by 
other hydrocarbons occurring in nor- 
mal crude liquid oxygen. Fortunately, 
methane is soluble in liquid oxygen 
in almost any proportion, and the pas- 
sage of trace quantities of methane 
through hydrocarbon adsorbers does 
not pose a serious hazard in safe 
operation of air plants. 

As to the effect of the liquid medi- 
um on the capacity of silica gei, the 
results in Table 1 indicate that there 
was essentially no difference in the 
amount of ethylene adsorbed by silica 
gel whether the olefin was carried 
in liquid oxygen or in a liquid mixture 
of 40% oxygen—60% nitrogen. This 
might be attributed to the fact that 
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oxygen or 40% oxygen—60% nitrogen, 
remained as liquid, a variation of 
pressure between 45 to 135 Ibs./sq. in. 
abs., had no appreciable effect on the 
adsorption of ethane and ethylene by 
silica gel. This generalization probably 
applies to other hydrocarbons in crude 
oxygen, It is expected, therefore, that 
there would be no shift of adsorbate 
distribution on silica gel in the event 
of minor pressure fluctuations inside 
hydrocarbon adsorbers. 


Simultaneous adsorption 

In order to gain understanding ex- 
perimentally of the interrelationship 
of two adsorbates during their stab 
taneous dynamic adsorption, some 
runs were made with a solution con- 
taining ethane and ethylene. The 
mixture contained 287 ppm of ethane 
and 261 ppm of gs wath in 40% 
oxygen—60% nitrogen. The experimen- 
tal column was 8 inches in length, the 
effluent was continuously monitored 
for carbon dioxide content, following 
a combustion furnace. Figure 7 shows 
the carbon dioxide content of the 
effluent as a function of run time. At 
the points on the curve marked 1 
through 4, samples were withdrawn 
from the stream before it entered the 
furnace and analyzed chromatograph- 
ically for their ethane and ethylene 
contents. The infrared record for CO, 
showed that ethane broke through the 
column shortly before point 1 but at 
this point no ethylene was found in 
the effluent. 

After the gel bed was entirely satu- 


Table 1. Silica gel capacity for methane, ethane, and ethylene at liquid oxygen 


temperature. 


CONCENTRATION 


or ADSORBATE 
IN CARRIER 


(ppm ) 


CARRIER 
ADSORBATE Liguip 


Methane 40% Oxygen- 575.0 
60% Nitrogen 
Oxygen 132.0 
135.0 
132.0 
492.5 
492.5 
495.0 
8884.0 
8884.0 
8884.0 
47.5 
51.8 
156.0 
159.0 
154.0 
154.0 
261.0 


Ethane 


Ethylene Oxygen 


40% Oxygen- 
60% Nitrogen 
Oxygen 798.0 
995.0 
995.0 


995.0 
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ADSORPTIVE 
CAPACciTy 
oF ADSORBENT 
(LB. ADSORBATE 
PER. LB. 

ADSORBENT 


TOTAL 
PRESSURE 
(LB./8Q. 

IN. ABS, ) 


ADSORBENT 
( Davison 
Get ) 
Grade 01 0.000220 
0.00289 
0.00293 
0.00284 
0.00667 
0.00772 
0.00740 
0.0539 

0.0571 


Grade 01 
Grade 01 
Grade 03 
Grade 01. 
Grade 
Grade 03 
Grade 01 
Grade 01 
Grade 03 0.0584 
Grade 03 0.0747 
Grade 03 0.0679 
Grade 01 0.0888 
Grade 03 0.0861 
Grade 03 0.0841 
Grade 03 0.0894 
Grade 03 0.0877 
Grade 03 0.0960 


0.112 
0.109 
0.121 


Grade 01 
Grade 01 


Grade 01 
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rated with ethane, this adsorbed 
ethane was partially displaced by ethy- 
lene. This raised the concentration of 
ethane leaving the bed to a level 
above that of the entering stream. 
This is indicated by the CO, level at 
point 2, at which no ethylene was 
detected in the effluent. The carbon 
dioxide concentration was due entirely 
to ethane and was higher than that 
which corresponds to ethane in the 
incoming gas concentraticn. 

As the run continues, the hydro- 
carbon in the effluent gradually drops 
as equilibrium throughout the bed is 
continuously reestablished. At point 3 
there was still no ethylene in the 
effluent and the carbon dioxide equi- 
valent of the ethane leaving the col- 
umn was slightly greater than that of 
the ethane entering. 

Eventually, ethylene broke through 
the column and the silica gel reached 
its simultaneous saturation capacity 
for the two hydrocarbons. This oc- 
curred at point 4 where the ethane 
and ethylene contents of the effluent 
were analytically found to be identical 
with those of the influent. 

The capacity of the silica gel for 
ethane, computed from its break- 
through time was 0.00298 Ib. ethane 
per Ib. silica gel as compared to 0.004 
interpolated from Figure 6 for 287 
ppm ethane in oxygen. The low ca- 
pacity was probably mainly due to 
the short length of the column which 
was not adequate to handle the 
ethane-silica gel system under the 
operating conditions. 

rhe capacity of silica gel for ethy- 
lene calculated on the basis of the 
saturation time at point 4 was 0.0869 
lb. ethylene per Ib. silica gel as com- 
pared to 0.090 interpolated from 
Figure 6 for 261 ppm ethylene in 
Oxygen. 


Hsu McKinley 


A. C. T. Hsu was associate professor 
of chemical engineering at Alabama 
Polytechnic Institute before joining Air 
Products three years ago. He now 
supervises the company’s low tempera- 
ture adsorption program. Hsu, a PhD 
from the University of Pennsylvania, 
has published work in the mass transfer 
field, as well as in low temperature 
techniques. C. McKinley, director of 
research and development at Air Prod- 
ucts, is well known for his contribu- 
tions to low temperature processing. 
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The empirical equation: 

N,m 

—— + 

N, 
suggested by Lewis and co-workers 
(7) has utility in estimating the effect 
of one adsorbate upon another when 
a binary mixture is being adsorbed. 
N, is the capacity for component 1 
in the pure state and N,m the capacity 
at the same concentration but in the 
mixture. The subscript 2 refers to the 
second component. 


N, m 


Experimentally, we have found that 
the gel capacity at point 4 for ethylene 
has been only slightly reduced by the 
presence of ethane in the carrier 
stream. On the other hand, the pres- 
ence of ethylene in the carrier stream 
has suppressed the capacity of the gel 
for ethane from 0.004 Ib./Ib. to only 
about 5% of this value. 


Displacement of ethane 

Experiments were carried out in 
which silica gel was exposed to an 
ethane bearing stream until it was 
saturated; flow of this ethane bearing 
stream was terminated; and an ethy- 
lene bearing stream was sent through 
the gel saturated with ethane. Figure 
8 shows an idealized monitoring re- 
cord for such a run. The gel was first 
saturated with a mixture containing 
165 ppm ethane in oxygen. The eth- 
ane-oxygen stream was then replaced 
with a mixture containing 156 ppm 
ethylene in oxygen, and the run con- 
tinued until the ethylene saturation 
capacity was reached, The run was 
then stopped and the silica gel col- 
umn was warmed up slowly to effect 
gradual desorption. Gas samples were 
taken at three points, as indicated in 
Figure 8, and analyzed chromato- 
graphically for their ethane and ethy- 
lene contents. 

The carbon dioxide analyzer record 
indicated that in the first phase of 
adsorption, ethane broke through the 
column and reached the influent con- 
centration in the usual fashion. After 
switching to ethylene-oxygen mixture, 
the ethane adsorbed on silica gel was 
continuously desorbed until its dis- 
placement by ethylene was essentially 
complete. The amount of ethane taken 
up by silica gel and the amount de- 
sorbed at the end of the run were 
found by material balance to be in 
satisfactory agreement. The exhaustive 
displacement of ethane by ethylene 
was also supported by the chromato- 
graphic analyses of the gas samples 
representing the adsorbed phase at 
the end of the run. 

The ethane concentration at all 
three points was zero in the desorbed 


gas. The ethylene, which had entered 
at a concentration of 156 ppm, was 
substantially concentrated to 2000 
ppm at point 1 and 10,000 ppm at 
point 2. 

The adsorption-desorption-displace- 
ment mechanism in a working adsor- 
ber is very complex when handling a 
multi-component mixture, especially 
since there usually exist surges in 
concentration of these components in 
process streams. The striking ability 
of strongly adsorbed material to dis- 
place less strongly held components 
must be fully appreciated. Through- 
out an adsorbent bed, variable con- 
centrations of adsorbates may exist. 
If the adsorbent possesses sufficient 
total capacity, this chromatographic 
effect may take place without resulting 
in undesired breakthrough of any of 
the components. The realistic under- 
standing of working adsorbers should 
pave the way for safer and more ef- 
ficient adsorbing units in cryogenic 
and other applications. 
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Correction 

In the article “Imprinted-Sector Rup- 
ture Dises” by William Weatherford, 
Jr., published in the December ‘59 
CEP, pp. 42-44, the author's company 
affiliation was given as Southwest Re- 
search Institute. While this is true, 
the work described in the article was 
actually done entirely at the Mellon 
Institute, Pittsburgh, Pa. 
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Picture BIRDS Like These 
Doing The Solid-Liquid Separating Jobs 
in YOUR Plant 


Compare these clean, closed, compact Bird 
Continuous Solid Bowl Centrifugals with old 
fashioned separating methods and equipment. 

The Birds are complete in themselves — no 
filter cloths, no screens, no vacuum, no auxilia- 
ries. 

With Birds you never have to adapt the sep- 
arating process to the equipment. Birds are de- 
signed to fit the job. They come in seven sizes, 
each capable of twenty-five variations in de- 
sign. 

What separating force do you need? 
With Birds it can be gentle or powerful — up 
to 3000 g. 

What capacity? With Birds, solids output 
can range from a few hundred pounds an hour 


to a ton or more a minute; a gallon or two of 
clarified liquid per minute to 400 gallons or 
more. 

What kind of feed slurry? With Birds 
it can be thick or thin, hot or cold. Variations 
in solids content or volume do not throw the 
Bird off stride. : 

How can you be sure it’s the one best 
separating means for you? The Bird Re- 
search and Development Center provides com- 
plete, pilot-scale test facilities and a staff of 
engineers devoted exclusively to the successful 
solving of solid-liquid separating problems. 
Bird builds vacuum filters, pressure filters, 
screen and batch type centrifuges, too. Recom- 
mendations can and will be unbiased. 


BIRD MACHINE COMPANY 


SOUTH WALPOLE, 
Alamo, California « 


Regional Offices: Evanston, Illinois « 


MASSACHUSETTS 
Atlanta 9, Georgia 


For more information, turn to Data Service card, circle No. 106 
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ENGINEERING PERSPECTIVE 
THROUGH A 


Venturi tubes were first used for measuring fluid 


flow. While this application has increased substantially, 


the use of the Venturi in important unit process 


operations has increased even more. A Jet-Venturi 


combination is literally the heart of many important 


manufacturing processes. 


During the first several years of the 
forty-two year history of our firm, we 
specialized entirely on steam jet vacuum 
pumps (ejectors). Many thousands of these 
are in service throughout the country and 
in most foreign countries. Our tradename, 
EVACTOR, is an important word in 
engineering circles. While steam jet vacuum 
pumps are still our major item, other 


JET REFRIGERATION 
JET COMPRESSORS 
JET CONDENSERS 
JET HEATERS 


applications of Jet-Venturi equipment are JET PUMPS 

increasing constantly. With the exception 

of closely related products such as JET MIXERS 

barometric condensers, CHILL-VACTORS, JET REACTORS 

and CONVACTOR * systems, all of our activit 

is directed to the one of making JET ABSORBERS 
Jet-Venturi units more efficient, more JET FUME SCRUBBERS 

dependable, more economical, and to apply SPECIAL JET VENTURI UNITS 


them to an increasing number of 
industrial applications. 


*The CONVACTOR is a dual condensing 
_system for economic and efficient recovery of high 
boiling components from water vapor. 


Cro ll-Rey 0, WC. 


Main Office: 751 Central Avenue, Westfield, N. J. New York Office: 17 John Street, N. Y. 38, N. Y. 


CHILL-VACTORS STEAM-JET EVACTORS AQUA-VACTORS + FUME SCRUBBERS + SPECIAL JET APPARATUS 


For more information, turn to Data Service card, circle No. 138 For more information, circle No. 126 > 
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ADVERTISEMENT—T his entire page is a paid advertisement 


CHEMICAL NEWS 


Prepared by U.S.Industrial Chemicals Co. 


Latest Statistics 
On Chemical Industry 
Given in New Facts Book 


The 1960-61 edition of the Chemical In- 
dustry Facts Book, published recently by the 
Manufacturing Chemists’ Association, pre- 
sents a great deal of valuable data on the 
history, growth, contributions and current 
position of the industry. The book indicates 
that by mid-1959, in terms of assets, the 
chemical industry was fourth in size among 
all U. S. industries. 

Eleven of 20 chapters in the new volume 
cover history, distinctive characteristics, prod- 
ucts, position in the economy, contributions to 
the economy, future prospects, raw materials, 
workers, plants, finances, research and devel- 
opment. Nine more chapters discuss chemis- 
try’s contributions to food, agriculture, cloth- 
ing, shelter, health, transportation and 
communications, defense, nuclear energy and 
space exploration. 


New Fabrication Techniques 
Make Commercial Titanium- 


Clad Vessels a Reality 


New bonding and welding methods have 
made it possible to construct a 4-foot diam- 


eter, 12-foot high, titanium-clad steel pressure | 


vessel for processing highly corrosive chem- 
icals at elevated pressures and temperatures. 
The vessel has been proved out through al- 


most a year of service. As a result, titanium | 


cladding is indicated as a cost-cutting measure 
in the manufacture of corrosion-resistant 
equipment for the Chemical Process Indus- 
tries. 

To avoid the problems of titanium contam- 
ination and brittle welds inherent in the direct 
joining of titanium and steel, an unidentified | 
metallic powder is placed between the tita- 
nium-cladding sheet and the steel backing 
plate. By applying heat to liquefy the powder, 
and vacuum to insure a good seal, the clad- 
ding is bonded to the backing plate without 
direct contact between the two metals. 

The clad plates are then welded to each 
other by another special process. Here, steel 
is joined to steel with a conventional weld. 
Then a silver inlay is laid along the joint on 
the titanium side, and covered with a fillet- 
welded titanium strap. This process eliminates 
contact between steel and titanium at the 
joint, and gives the vessel an all-titanium inner 
surface. 


Butyl Acetate Data Sheet 
Now Available from U.S.1. 


Specifications, properties, shipping data and 


| H—C=C[(CH,),C=C],H+( 


A Series for Chemists and Executives of the Solvents and Chemical Consuming Industries 


New U.S.L Technique 


Improves Optical Properties 


of Blown Polyethylene Tubing 


Annealing Chamber Increases Light Transmittance, Reduces Haze 


| The U.S.I. Polymer Service Laboratory has deve ‘loped an annealing chamber 


or “chimney” 


First Nonconjugated 
Polyacetylenes Synthesized 
By New, Low-Cost Process 


Good yields of cohen yclic compounds 
containing nonconjugated triple bonds have 
been achieved via a new process claimed to 
be simple and economical. The resulting com- 
pounds are being investigated by the rocket 
field as high energy binders and plasticizers 
for solid propellants and as intermediates for 
| solid boron fuels. Other applications as inter- 
| mediates are indicated by the presence of 
regularly spaced triple bonds in the new com- 

pounds. 

A mixture of mono- and disodium acetylides 
—made from metallic sodium and acetylene— 
are alkylated with @»-dihalides to yield linear 
and cyclic polyynes: 

Na—C#=C—H 
X(CH,),.X+ 
Na—C=C—Na 


In the reaction, the Ril. acetylide 
| performs the function of chain stopper to 
control the formation of high molecular weight 
polyynes. Hydrogen-terminated polyynes are 
assured by the presence of excess sodium 
acetylides. 

Highest yields are obtained by reacting 
dibromides at the boiling point of ammonia 
( —33.4°C), or dichlorides at elevated temper- 
tures under autogenous ammonia pressures. 


C=#C 


applications for normal butyl] acetate are given | 


in a new data sheet just released by U.S.L 
This material is the most widely used medium- 
boiling nitrocellulose solvent. It also finds 


application in the manufacture of cements, | 


coated papers, lacquers, leather finishes, lino- 
leum, textile sizing, thinners and a host of 
other products. 

The data sheet can be obtained from U.S.I. 
sales offices or from the New York office at 
99 Park Avenue. 


‘| sentially unchanged, 


technique which results in significant improvement in clarity 


and gees of blown polyethylene tubing, 
with practically no sacrifice of physical 
strength. The method involves installation 
of a chamber which encloses the blown tub- 
ing between extruder die and air ring, 


Unit is easy to install 


The chimney may be made of wood, glass 
or insulated metal. It should be constructed 
in two sections or hinged to permit installa- 
tion during extrusion . . . thus eliminating 
need for rupturing the “bubble” when 
threading film through the annealing cham- 
ber. 

Height of chimney is a critical factor. 
Optimum results are usually obtained with 
a 6 to 12” chimney height. While ratio of 
chimney diameter to die diameter is not criti- 
cal, it should be held between 2:] and 3:1. 
For example: a 3” die would require a 6 to 
9” diameter chimney. 

An evaluation of petrotTHene P-200-25 
resin using this technique revealed: 


No 
Chimney 


30% 


Optical 


Property Chimney 


70% 
7% 11% 
11% 4% 


No significant change was noted in impact 
strength. Elmendorf tear tests showed that a 
directional strength balance was brought about 
by adding the chimney. Tear values increased 
in the transverse direction and decreased in 


the machine direction. Yield, } More 


Transmittance 
Gloss 
Haze 


break and elongation were es- 


Polyethylene tubing has improved clarity and gloss when produced with new U.S.|. annealing 
chamber technique. Close-up view at right shows “chimney” between extruder and air ring. 


| 
| 
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ethylene 


Work on this new technique is continuing 
at the U.S.L Polymer Service Laboratory, 
where your inquiries are always welcomed. 
If you have special problems, U.S.L engi- 
neers will gladly offer their assistance. You 
are also invited to write for a Technical Data 
Sheet describing the new process. 


Anhydrous Alcohol-Freon 
Blend Developed to Clean 
Printed Circuit Boards 


To clean printed circuit boards rapidly, 
safely and easily during production, a special 
solvent formulation has been developed which 
is claimed nonflammable, nonexplosive and 
low in toxicity. It is made up of a “Freon” 
solvent and a specially denatured anhydrous 
alcohol with an initial boiling point of 43°C. 

The blend is said to clean oil, grease, excess 
rosin flux, fingerprints and other dirt from the 
boards after soldering and other assembly 
operations are finished. It can be used with 
semi-automatic cleaning equipment or in sim- 
ple hand-dip baths. Reports indicate that it 
does an effective job without damage to circuit 
components, laminating cement, or most color 
coding and labeling on circuit parts. 

Since the formulation is a blend of solvents, 
fractionation of the mixture will occur due to 
a higher evaporation rate for the lower boiling 
Freon component. Therefore, with continu- 
ous, automatic cleaning in a system which 
recovers or reclaims solvent vapors, the com- 
position of the mixture must be checked from 
time to time, 

For small-scale cleaning in a static bath, 
two-minute immersion of the board, with 
slight agitation, is said to be generally ade- 
quate for satisfactory cleaning. Four-minute 
immersion, with slight agitation, was the maxi- 
mum time required to remove any type of sol- 
dering flux during test operations. 


Molded Polyethylene Liner 
In Steel Pail Available 
For Chemical Shipments 

A seamless, blown-in-one-piece polyethy!- 


ene liner for a steel pail has been developed as 
another advance in solving the problem of safe 


Fuse! Ethyl Acetote, 
DIATOL®, Diethy! Oxalote, 


Normal Buty! 
Ethy! Ether, 


Alcohols: Ethy! (pure and all denatured formulas); Anhydrous and Regular 
Denatured Alcohol Solvents SOLOX®, FILMEX(@®), ANSOLIOM, 


and Intermediates: Normal Buty! Alcohol, Amy! Alcohol, 
Acetate, 
Acetone, 


and economical packaging of corrosive liquids. 
This container is expected to find wide appli- 
cation in packaging and shipping products 
such as acids and alkalies, food concentrates, 
photographic chemicals, electrochemicals and 
insecticides. 

The result of over two years of research and 
development work, the package has been ap- 
proved by the Bureau of Explosives to carry 
certain corrosive, poisonous and flammable 
liquids under ICC-37P specification. It has 
been successfully subjected to vibration and 
drop tests from 0°F. to 125°F.—tests more ex- 
haustive than those required by ICC and 
Federal specifications. 

The liner is blow-molded of polyethylene in 
the same manner as a “squeeze bottle,” and is 
then attached to the cover of the outer steel 
container at the pouring opening, before it is 
inserted in the container. Its one-piece con- 
struction is said to insure against leakage and 
product contamination. 


(Photo courtesy Jones & Laughlin Steel Corp.) 


PROOUCTS OF U.S. 


Pharmaceutical 
USP, Intermediates. 


Heavy Chemicals: 


Diethy! Carbonate, 


Acetoacetanilide, 


Acetoacet-Ortho-Chioranilide, A 


acetate, Ethyl Benzoylacetate, Ethy! 


Riboflavin U.S.P 


Ortho-Toluidide, 
Chloroformate, 
Sodium Oxalacetate, Sodium Ethylate, Urethan U.S.P. (Ethy! Carbamate), 


Ethy! Aceto- 
Ethylene, Ethyl 


distributors). 


Products: 


Anhydrous Ammonia, Ammonium Nitrate, 
Nitrogen Fertilizer Solutions, Phosphatic Fertilizer Solution, Sulfuric Acid, 
Caustic Soda, Chlorine, Metallic Sodium, Sodium Peroxide. 


PETROTHENE® ... Polyethylene Resins 


Animal Feed Products: pi-Methionine, MOREA® Premix (to authorized mixer- 


TECHNICAL DEVELOPMENTS 


L 


Information about manufacturers of these 
items may be obtained by writing U.S.A. 


New journal now being published on mathe- 
matical analysis and applications. Said to per- 
mit rapid publication of selected mathematical 
papers on classical analysis and applications in 
tields such as physics, chemistry, biclo 

No. 1560 


Plastic laboratory equip t now available, trom 
aprons to Y-connectors, covered in new catalog 
just issued. Plastics represented include poly- 
ethylene, styrene, teflon, nylon, 
acetates, acrylics, vinyls. o. 1561 


Rigid, fire-resistant polyurethane foams can now 
be prepared from new alkyd resin system which 
used trichlorofluoromethane as foaming agent. 
Said to be of interest tor cores in sandwich con- 
struction, insulation applications. No. 1562 


Current projects of American Standards Assn. are 
described in booklet released recently. Covers 
425 projects, categories and gives scope of each, 
provides index and lists sponsors. ~— and 
hows on standards outlined. io. 1563 


Method of analysis of sodium hydride, for con- 
tained sodium hydride and residual sodium, 
covered in technical data sheet now cvailable 
Describes apparatus, procedure, offers technical 
assistance. °. 


Russian-English atomic dictionary, second edi- 
tion, can now be purchased. Over 5 
entries cover nuclear science and 

physics (theoretical, atomic, molecular), 


of solids, crystallography, math o.1 


Flash points of more than 4,500 trade-name liquids 
are listed in new reterence index now being sold 
Data include manufacturers’ names, principal 
uses of products, and sources of information 
given. No. 1566 


Metal cleaning chemistry and techniques dis- 
cussed in 28-page handbook now available. In- 
cludes electro-, barrel, ultrasonic and machine 
cleaning, plus tank cleaning, with suggestions 
for tank design, layout, detergents. ©. 1567 


Instrumentation literature now being abstracted 
by new service. Claims to cover all significant 
articles of interest to chemical, petroleum, food, 
steel and glass fields. Abstracts journals, papers, 
patents, books. io. 


High Saqueney induction furmace can now be 
obtained which can operate in pure hydrogen 
or oxygen atmosphere up to 5,000° F. Makes use 
of zirconia and/or thoria pure oxide refractories 
as susceptor or heating dlomeat No. 1 


DL-Methonine, N-Acety!-DL-Methonine, Urethan 


Nitric Acid, 


USTRIAL CHEMICALS CO. 


Division of National Distillers and Chemical Corporation 
99 Park Avenue, New York 16, N. Y. 


Atlanta * Baltimore 


t * Boston * Chicago * Cincinnati * Cleveland 
Detroit * Kansas City, Mo. * Los Angeles * Lovisville ¢ Minneapolis 
New Orleans * New York * Philadelphia * St. Louis * San Francisco 


U.S.I. SALES OFFICES 
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FRED: What? Me build my own computor? 
FRIEND: Why not? They have computor 
components you put together easy as building 
blocks. FRED: But my ignorance of computor 
circuitry is vast... FRIEND: Can you plug ina 
plug? George does the rest. FRED: George who? 
FRIEND: George A. Philbrick Researches, Inc. 
that’s who. 


MORAL: for anything in analog, see Philbrick. GAP/R has the world’s most complete line of el- 
ectronic computors and components. Write for freely given opinions on individual applications. 


ceorse PH TL BRICK reseancies, ine. 


28511 COLUMBUS AVENUE. BOSTON 16. MASSACHUSETTS 
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For more information, turn to Data Service card, circle No. 49 
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shoose from compact, convenient, economical components 


COMPUTER 


PROGRAM 
abstracts 


Based on the interest which has been expressed to date, the Machine 
Computation Committee is proceeding to have the following manuals 
prepared, reviewed, and published. 
Asstract No. PROGRAM COMPUTER 
002 Piping Flexibility Univac I 
O17 Humble Plate to Plate IBM 705 
028 Multiple Regression IBM 650 
Analysis 
032 Minimum Reflux for 
Distillation 


CONTRIBUTOR 
duPont 
Humble 
Shell 


California 
Research 
( ‘orporation 


Datatron 205 


The Machine Computation Committee of the A.L-Ch.E. is interested 
n receiving program abstracts. Once again the Committee wishes 
to emphasize the three rules for participation in the interchange 


program: 


1) Abstracts submitted for publication must follow the form 
published in CEP (January, 1959) and in the Guide. 
2) Abstracts must be sent to the Machine Computation Com- 


mittee c/o A.L.Ch.E. 


3) All questions relating to published abstracts must be sent to 
the Committee c/o A.I.Ch.E. in New York. 


Electric Log Interpretation (039) 
Howard A, Slack and Melvin A. 
Rosenfeld 
The Pure Oil Company, Research 
Center, Crystal Lake, Illinois 
Description: This program calculates 
two quantities—shaliness and satura- 
tion ratio from the data obtained from 
conventional electric logs of shaly 
sands, Shaliness is a measure of the 
amount of disseminated clay material 
in the formation, It is calculated from 
the recorded Self Potential, the inter- 
stitial water and mud filtrate resistivi- 
ties, and the formation temperature. 
The saturation ratio is the ratio of 
mud filtrate saturation in the invaded 
zone to the interstitial water saturation 
in the non-invaded zone. It is calcu- 
lated from the Self Potential, the 
shaliness and the true resistivities of 
the formation and invaded zone. 
The equations used in making these 
calculations are after L. deWitte as 
published in his paper “A Study of 
Electric Log Interpretation Methods 
in Shaly Formations” Journal of Petro- 
leum Technology, Vol. 204, 1955. 
Computer: IBM 650. 
Program language: 
guage. 
Running time: 
second per case. 


Lan- 


Machine 


Approximately 


90 February 1960 


Comments: Two answers—an upper 
and a lower limit—are given for satura- 
tion ratio corresponding to two values 
of formation resistivity ratio. The two 
values of formation resistivity ratio in 


turn correspond to two assumed 
depths of invasion by mud filtrate. 
Availability: A program manual has 
been written and can be made avail- 
able for publication should sufficient 
interest develop. 


Solution of counterflow water cool- 
ing tower (040) 

N. H. Van Wie, J. E. Park, and 
J. T. Hardy 

Union Carbide Nuclear Company, 
Operations Analysis Division, Oak 
Ridge, Tenn. 

Description: This program calculates 
the return water temperature to the 
process heat exchangers and other per- 


formance conditions with a given 
characteristic of the active “fill” of the 
cooling tower, a given plant energy 
load, and given water circulation rate 
and air throughput and ambient con- 
ditions. Thus, a stated relationship 
between the unit volume coefficient 
or characteristic of a given tower fill 
and height and the liquid to gas ratio 
will permit numerical integration of 
Merkel’s formula to determine the 
process cooling water characieristics 
attainable. Where the tower has ex- 


cessive cooling capacity, the program 
calculates the amount of hot water 
that should be by-passed to maintain 
a specified supply water temperature. 
This program is based on work per- 
formed at the Oak Ridge Gaseous Dif- 
fusion Plant operated by Union Car- 
bide Corporation for the U. S. Atomic 
Energy Commission. 
REF: Mickley, H. S., “Design of 
Forced Draft Air Conditioning Equip- 
ment”, Chemical Engineering Progress, 
December 1949. 
Computer: IBM 704. 
Program language: Fortran. 
Running time: Three to four cases per 
minute. 
Comments: Needed thermodynamic 
properties of air and water vapor are 
based on correlations rather than being 
tabled. Iterative adjustment of water 
temperatures continues until check 
within 0.05°F. is obtained, with the 
exception that tolerance of higher 
(0.75°F.) discrepancy in return water 
temperature is allowed in deciding 
whether tower by-pass is required. 
Availability: The intracompany mem- 
orandum describing this operational 
program is available and a complete 
manual will be prepared if there is 
deemed to be sufficient interest. 
continued on page 92 
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| B M 620 data processing system 


...the most powerful engineering computer in its low price class 


In the Chemical Industry The new IBM 1620 is a desk-size engineering computer that offers you more 


the IBM 1620 
Sei Mite inane computing ability per dollar than any system in its price class. 


® statistical design Transistorized throughout, the IBM 1620 has a 20,000-digit magnetic core 
of experiments memory with variable field length and immediate accessibility. Its input- 

@ reactor design 

@ mass spectrometry 

@ kinetics 


output notation, on paper tape and console typewriter, is in convenient 
decimal arithmetic. It can perform more than 100,000 calculations a minute 
and is easily adapted to your engineering problems. 


Easy to learn, easy to operate, easy to communicate with, the low-cost 1620 
helps free your engineering talent for more creative work. And in keeping 
with our concept of Balanced Data Processing, the IBM 1620 is supported 
by extensive services. This includes a comprehensive library of mathematical 
routines and specific industry programs to permit you to put the 1620 to 
work without unnecessary delay. 


Ask your IBM representative about the unique advantages of the IBM 1620. 
Like all IBM equipment, it may be purchased or leased. 


IB M balanced data processing 


For more information, turn to Data Service card, circle No. 147 
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Computer abstracts 
from page 90 


RENNEBURG 


Operational Characteristics of Iso- 


thermal Tubular Flow Reactors 
PROCESS EQUIPMENT 
Richard C. Bailie and Liang-tseng Fan 


for the Chemical Industry 


Department of Chemical Engineering 
Engineering Experiment Station 
Kansas State University of Agriculture 
and Applied Science 

Manhattan, Kansas 


Description: A material balance of the 


INSTRUMENT PANEL— 
“Nerve center of a 
large Renneburg de- 
signed and equipped 
chemical plant. Includes 
furnace pyrometer; 
temperature indicating, 
recording and control- 
ling potentiometers; 
load indicating am- 
meter; and start-stop 
push button stations 
with signal lights for 
each machine. Audio- 
howlers warn operators 
of possible processing 


difficulties 


TWO RENNEBURG HEAVY- 


DUTY ROTARY UNITS— 
Each 8’ diameter x 50’ 
long with 50 HP fluid 

drives . . . for drying 
and cooling high grade 
chemicals. 


SERVING THe 
PROCESS 
INDUSTRIES FoR 
OVER 80 Years 


DRYERS COMBINATION AMMON 
(Aur & Steam) IATOR-GRANULATORS FURNACES 


COOKERS : : PRESSES PILOT PLANTS 


KILNS + COMBUSTION EQUIPMENT + CALCINERS + FANS + COLLECTORS 
AIR POLLUTION CONTROL SYSTEMS + AMMONIATORS* + GRANULATORS* 
PUG MILLS + EVAPORATORS + MIXERS + ELEVATORS - CONVEYORS + ROASTERS 


*TVA Licensed Monvfocturer 


tubular flow reactors (including 
packed bed and fluidized bed re- 
actors) ‘operated under isothermal 
steady state conditions yields the 
following differential equation when 
the concentration in the radial direc- 
tion is assumed to be uniform. 

Ref. Yagi, S. and Miyanchi, T., 
Chem. Eng. (Japan), 19, 507, (1955) 


= © 


concentration of reactant 
equilibrium concentration 
of reactant 

concentration of reactant 
coming into reactor 
distance measured along 
the flow direction from 
the inlet of reactor 

reactor length 


mean linear velocity of 
reacting mixture 
longitudinal mixing coeffi- 
cient (for longitudinal 
eddy diffusivity ) 
order of reaction (includ- 
ing fractional order) 
= rate constant of n-th order 
reaction 
The known boundary conditions are 
as follows: 


This program solves the differential 
equation given by method of finite 
differences and can use any number 
of pivotal points (maximum 500) de- 
pending upon accuracy desired. The 
concentration profile throughout the 
reactor is obtained from the concen- 


Edw. Renneburg & Sons Co. 


2639 BOSTON STREET, BALTIMORE 24, MD. continued on page 94 


For more information, turn to Data Service card, circle No. 48 
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THIS IS AN INVITATION TO THOSE WHO ARE INTERESTED IN COMPUTERS. 


Come and sit in this chair. Set up Paneilit’s ISI 609 Process Informa- 
tion & Computer System to your type of problem. Compare its 
performance with large scale computers. Question Panellit engineers 
and computer men to your heart's content. 


Whatever you decide, yours will be an informed decision. 


FOR YOUR PRELIMINARY INFORMATION, HERE ARE SOME DESCRIPTIVE FACTS: 


The ISI 609 is a solid state general purpose computer with internally 
stored program of exceptional versatility which can be directly coupled 
to your process. The machine can be used simultaneously for: 
ON-LINE—Monitoring, Data Processing, Performance Analysis 
and Control. 
OFF-LINE—General Purpose Analysis. Entirely Separate from 
2 ON-LINE Operation. 
OFF-LINE analysis using ON-LINE data stored in memory. 
Study your process without interference with daily operation, in 
effect utilizing your entire plant as a full scale research project. 


IS! 609 HAS FEATURES COMMON TO LARGE SCALE COMPUTERS, INCLUDING: 


Comprehensive Order Code—Multi-Programming Capability— 
4096 B-Line Registers. 

y) Automatic Program Modification and Time Sharing. Separate 
Operator Control Console and Computer Control Console. 
Ferrite core memory of 4096 words with 39 bits each. Two 19 Bit 
Instructions or three 13 Bit data constants per word can be 
directly addressed. 


Fast arithmetic (e.g., 2.8 m.s. square root or multiplication.) 


Stored data constants and operating programs can be changed during 
operation without stopping the computer. Program can be auto- 
matically modified by external occurrences, or as directed by operator. 


Background data: ISI 609°s complete process Information System was 
developed by Panellit, Inc., leader in information & control systems. 
Computer section was developed by Elliott Automation, Ltd., leading 
British computer manufacturer. 


oRMATION 


INSTALLATION — MAINTENANCE 
BY PANELLIT SERVICE CORPORATION 


COMPUTER MAN 
CAN DECIDE 


Automatic ON-LINE, OFF- 
LINE Time Sharing. 


Exclusive Memory Lockout per- 
mits Time Sharing during 
OFF-LINE Operation, with 
Complete Security of the 
ON-LINE Data. 


WRITE FOR ADVANCE TECHNICAL BULLETIN giving additional details. Panellit Offices or 
Representatives in Principal Cities are available to help you. You are invited to 
test ISI 609 at the Skokie plant and to make your own informed decision. 


SYSTEMS, INC 


7350 North Ridgeway Avenue + Skokie, lilinols 


For more information, turn to Data Service card, circle No. 27 
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NEW 


FULL LINE OF 
LOW COST 
HIGH PERFORMANCE 
HEAT EXCHANGERS 


Single Poss 


Stainless 
Steel 
Multi-Poss 


Type 
Single Pass 


Type 
Single or 
Two Poss 


T pe oogee 
wo Pass 


wy, 
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SHELL and TUBE a 
Heat Exchangers Cut Water 


Usage up to 757, 


For more information, turn to Data Service card, 


Typical Young 4-Poss Heot 
Exchanger used to cool 
hydraulic fluid in 


'P 


Where critical water shortages, and 
high water rates are prime factors, 
specify the new Young 4-Pass water- 
conserving Heat Exchangers. The 
same amount of water in gpm 
through the Young 4-Pass Heat Ex- 
changer would increase the velocity 
in ft./sec. four times, requiring just 
one-quarter the water flow of a 
single-pass heat exchanger to obtain 
the same velocity. Between 50 to 
100 models are available from stock 
for immediate delivery. Write for 
Catalog No. 1258A. 


MORE THAN 230 
Standard Fixed and 


Removable Bundle 
MODELS IN STOCK 


Whatever your heat exchanger requirements 
may be, there is a Young Heat Exchanger to 
meet the demands of every cooling, heating 
or condensing application. Over 230 stand- 
ard units fit the operating requirements most 
frequently specified and are senenye available. 


Hobi 


Other units are 
the use of cupro-nickle, muntz —— 4 
naval bronze, stainless steel or any 
combination of metal required. 


AIR-COOLED HEAT EXCHANGERS 


Young designs and builds all types of Hori- 
zontal and Vertical Core Air-Cooled Heat 
Exchangers for cooling and temperature con- 
trol of; oil, water, or gases, and for con- 
densing vapors. 


Write for catalogs 
describing the type you desire. 


NS Young ideas for solving heat transfer problems 
JN are GOOD IDEAS 


YOUNG RADIATOR COMPANY overt. 8-470 


PLANTS AT RACINE, WISCONSIN AND MATTOON, ILLINOIS 


RACINE, WISCONSIN 


circle No. 33 


Computer abstracts 
from page 92 


tration of each pivotal int, and, 
consequently, the degree Brenton 
of the reactant for the given reacting 
conditions from the known degree of 
backmixing and the reaction rate con- 
stant can be obtained at any point in 
the reactor. 

Computer: Basic IBM 650 with alpha- 
betic attachment and 2,000 word 
storage, floating point and index 
registers, 

Program Language: Program prepared 
with SOAP routine. 

Running Time: Running time depends 
upon the accuracy desired. For ex- 
ample, it is approximately three 
minutes for 50 increments, and match- 
ing of boundary conditions to four 
decimal places. 

Comments: Program checks that the 
two boundary conditions existing at 
the two ends of the reactors can be 
satisfied within the accuracy of eight 
decimal places of the dimensionless 
concentration. 

Availability: A program manual can 
be made available for publication 
should sufficient interest develop. 
Kansas State University Engineering 
Experimental Station Bulletin covering 
this program will also be prepared. 


Machine Computation 

Committee 

A.1.Ch.E. 

| 25 West 45th Street 
New York 36, New York 


| | am interested in computer program 
| manuals corresponding to the follow- 
| ing abstracts: 


1) (039) Electric log interpretation | 


[] (040) Solution of counterflow | 
water cooling tower | 


(041) Operational characteristics ! 
of isothermal tubular flow re- | 
actors 


—— 


Check one of the boxes below: 


[] I plan to purchase copies of the 
manuals checked after they are 
published. 


[) | wish to place an order for one 
copy of each manual checked. 


[) 1 wish to place a blanket order 
for one copy of each manual 
published by the A.1.Ch.E. 
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RAYMOND my APPLICATION 


Drying systems 


available in following types: 


Flash Drying and Pulverizing 
—with the Imp Mill 


Flash Drying and Disintegration 
—with the Cage Mill 


Flash Drying by Airstream 
—vetran — without Disintegration 


Flash Drying by Multi-Stage System — 
—combination of Airstream and 
Cage Mill 


IF there is any phase of your manufacture that requires 
the drying of materials in finely divided form, Raymond 
Flash Drying offers advantages, which will simplify the 
process, improve the product, reduce operating and main- 


FINISHED tenance costs. 
PRODUCT 


This is a versatile system that can be readily adapted to 
your particular problem. The standard equipment may be 
furnished with different component units for such opera- 
tions as: 


Drying and grinding simultaneously with the removal 
of any specified percent of moisture 


Drying and disintegrating the natural material to 
normal particle size without reduction 


Drying finely divided material by airstream system to 
make a fluffy, free-flowing product 


For further RAYMOND 


details. send Raymond equipment handles the material automatically in 


Flash Drying a clean, safe, dust-free operation. Drying is instantaneous 


for this new with excellent control of the final moisture content. 


Bulletin Bulletin +85 Write and tell us the requirements of your finished prod- 
‘ uct—we can advise you on the type of Flash Drying unit 


needed to handle it for any capacity rating. 


COMBUSFVION E EERING, INC. 


1126 WEST BLACKHAWK ST. SALES OFFICES IN 


CHICAGO 22, ILLINOIS PRINCIPAL CITIES 


Combustion Engineering-Superheater Ltd., Montreal, Canada 


For more information, turn to Data Service card, circle No. 41 
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equipment 
feature 


Practical, economic irradiation facilities are now within 


the reach of even the smaller chemical producing com- 


panies. 


(CROSSLINKING PRODUCED by the irra- 
diation of polyethylene raises the melt- 
ing point of the material and greatly 
extends the usefulness of certain 
products. The irradiation effect will 
ilso greatly increase the resistance of 
the polyethy lene to chemical solvents 
ind to environmental stress cracking. 
Grafting of certain polymers on other 
materials by means of radiation can 
give these materials new properties 
which extend their usefulness. As an 
example, radiation is useful in produc- 
ing ion exchange membranes for wa- 
ter desalting cells. Such grafted ma- 
terials can also be made to have 
improved adhesive properties. 

If uniform radiation is to be given 
a product, the effective thickness that 
can be handled in a single layer will 
be less. For materials of lesser density, 
the penetration will be greater and, 
conversely, where the density of the 
material is higher, the depth of pene- 
tration will be reduced in inverse pro- 
portion. With many materials, it is 
possible to irradiate from two sides, 
either by turning the material over 
and passing it through the beam a 
second time, or by passing the ma- 
terial through two opposing beams of 
radiation. In that case, uniform radia- 
tion effect will be given to greater 
thicknesses than the total penetrating 
value for radiation of the given vol- 
tage. 


Space requirements 

Generally, the irradiation process is 
applied in the final steps of manufac- 
ture, rather than to raw material 
before fabrication. The machine is 
placed in a separate room or in a 
part of a building that is shielded by 
a heavy barrier wall from those areas 
occupied by plant personnel, The floor 
space required will depend upon the 
size of the irradiation machine in- 
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stalled and, to a large extent, on the 
particular material being handled and 
the space requirements for handling 
equipment such as reeling and unreel- 
ing devices, conveyors, and the like. 
The thickness of the shielding walls 
wili add to the floor area, as will the 
space required for auxiliary compon- 
ents and operator’s console outside the 
irradiation area. A total floor space of 
500 to 1,000 square feet would be a 
practical amount to assign to the ir- 
radiation process. Requirements for 
the height of the installation will vary 
with the particular equipment, but will 
generally range from 15 to 30 feet. 
The total room height may be entirely 
in the irradiation chamber or may be 
divided by a barrier ceiling separating 
the irradiation chamber from the room 
above, which contains the main body 
of the machine. 


Shielding 

Shielding is necessary to protect 
personnel from radiation produced 
when the machine is turned on. When 
the machine is turned off, the area 


J. W. Ranrtt, General Electric Co. 


Irradiation techniques in chemical processing 


can be entered safely, since there is 
no residual radioactivity either from 
the machine or from its shielding un- 
der normal processing conditions. 
Shielding may be of many materials. 
Lead and heavy metals are excellent 
absorbers, but their cost is high. Con- 
crete mixed with iron ore or heavy 
mineral aggregates is also efficient, 
but expensive. Poured concrete walls 
or solid concrete blocks laid into wall 
form are the most common shielding 
materials. Concrete 2% feet thick is 
required for one million volt radiation, 
and 3% feet for two million volts. 
These are typical values; exact thick- 
ness will depend on voltage and kilo- 
wattage of the machine, size of the 
room, and room geometry. Another 
method is to excavate for a radiation 
pit to use the natural shielding prop- 
erties of the earth. Figure 1 shows 
a floor plan of one type of installa- 
tion. 

For operator access, a maze struc- 
ture can give radiation shielding, and 


continued on page 100 
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Figure 1. Electron generator floor plan. 
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Chemical Processing Installations... 


Faster. Easier.. 


conomical 


YOU START WITH 


FANSTEEL STAN 


ARD 


STOCK EQUIPMENT 


Setting up a new processing line? Need a con- 
denser? A bayonet heater, thermowell or any 
other tantalum acid-proof equipment? You don’t 
have to start from scratch. 

You can start with a standard Fansteel unit 
—delivered from stock. For most normal 
applications, you'll find just the size, just the 
design of tantalum equipment you need in 
stock at Fansteel. 

You get delivery in a hurry . . . there’s no delay 
in setting up new installations . . . little inter- 
ruption to production schedules when replacing 


4 


equipment. It’s the easy way...and it’s the 
economical way. 

As the oldest and largest manufacturer of 
acid-proof tantalum equipment, Fansteel is able 
to produce in quantities that mean substantial 
savings. You eliminate at the outset the high 
costs of designing and building custom units. 
And you also get the benefits and economies of 
doing business with the only supplier of tantalum 
equipment who performs the entire job—from 
ore to metal to the finest corrosion control equip- 
ment available. 


IMMEDIATE DELIVERY ON THESE SIZES—FANSTEEL TANTALUM EQUIPMENT 


4 BAYONET HEATERS 


TAPERED 


CONDENSERS 4 THERMOWELLS 


Single Tube 


Length 


Diameter 


Stocked Tubing 1.D.: 


Diameter 


3” -wide end 
2” -norrow end 


6” -wide end 
2?” -nerrow end 


18” 
30” 
48” ly,” 
60” 1%” 


8" -wide end 
4” -norrow end 


Three-Tube | 


Diameter 


Length 


FANSTEEL corr 


For more information, turn to Data Service card, circle No. 19 
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A workman at Glidden dresses an 18-inch T. Shriver press with Eaton-Dikeman 
Filter Paper supplied by The Keeler Co., 1033 Bern Road, Wyomissing, Pa. 


Eaton-Dikeman Filter Paper 


helps GLIDDEN paint an 
improved production picture 


When The Glidden Company switched from cloth filters to 
Eaton-Dikeman Filter Paper in their Reading, Pa., Varnish 
plant, they gained two important advantages: 


1. “Kick-out” resulting from contamination was eliminated 
2. Production was increased 50% 


Eaton-Dikeman Filter Paper, grade 938-55, is used on an 
18-inch, 26-frame T. Shriver Press in Alkyd Resin filtering 
at Glidden. Using clean, pure filter paper for each new batch 
eliminated contamination when switching from Alkyd Resin 
filtrates to Urea Formaldehyde, Polyesters and Styrenated items. 
The use of E-D filter paper instead of cloth filters also made 
possible a reduction in filtering time of better than 50%. 


Filtering Alkyd Resins may not be your particular problem, 
but whatever you filter, chances are you can do it better, 
faster and at less expense with one of Eaton-Dikeman’s many 
grades. Why not talk it over with an E-D filtration expert. He 
will be happy to help you find the right paper for your 
particular requirement. In the meantime, send for a FREE 
sample folder of quality E-D papers today. 


THE EATON-DIKEMAN COMPANY 


Filtertown 


MOUNT HOLLY SPRINGS, PENNSYLVANIA 


“First with Filter Paper exclusively." 
For more information, turn to Data Service card, circle No. 107 


Irradiation techniques 
from page 96 


affords easy entrance to the room 
without use of heavy doors. The opera- 
tor’s console is placed near the en- 
trance to the irradiation room. Other 
electrical components are placed in an 
adjacent room. A mirror system will 
work well with a maze layout. A more 
versatile arrangement, however, is the 
use of an industrial television camera 
and monitor. A very direct view can 
be had by use of a window made of 
radiation-absorbing glass, or a liquid 
cell in the wall of the room. 


Radiation dosage 

The basic unit of radiation dosage 
is the rad. By definition, this is the 
absorption of 100 ergs of energy per 
gram of material. In more practical 
units, the delivery of 1,000,000 rads 
will require 1.26 watt-hours of elec- 
tron energy absorbed per pound of 
material processed. To establish a dose 
level scale, we note that insect contam- 
ination in grain can be effectively 
combatted with 10,000 rad. Going up 
the scale, 100,000 rad will have a 
noticeably destructive effect on molds 
and bacteria. The more resistant bac- 
teria will require 1,000,000 to 4,000,- 
000 rad for complete destruction. En- 
zymes will require doses in the range 
of several million rad for inactivation. 
Some chemical effects will be pro- 
moted at 1,000,000 rad, or even lower 
doses. However, 1,000,000 rad or 
higher is a more common level for 
chemical reactions. Radiation effects 
are generally not threshold effects, so 
the greater doses produce proportion- 
ately more change in the material 
beings processed. 

Present day accelerators, such as 
the General Electric 2 MEV Resonant 
Transformer Electron Beam Genera- 
tor, have large radiation outputs. The 
emergent electron beam of this ma- 
chine has a power of 10 kilowatts. If 
the beam could be used at 100% effi- 
ciency, 8,000 pounds of material per 
hour could be processed at a level of 
1,000,000 rad. The efficiency of ab- 
sorption will seldom be 100%, but 
even at lower values, it can be seen 
that the processing capacity is sub- 
stantial. 

For most processes, the beam over- 
travel efficiency is about 90%. A com- 
bination of several efficiencies results 
in efficiencies of about 40 to 50% for 
single-side irradiation where a mini- 
mum uniform dosage is to be main- 
tained, In two-sided irradiation, where 
product thickness and voltage are 


continued on page 100 
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Magnified Sample of 
SITOSTEROLS 
Pulverized to 

minus 10 microns 


Cut away view of 
Strong-Scott Pulvocron 


Pulverizing with Selective Particle Size Control! 


INCREASE PRODUCTION AND CUT OPERATING 
COSTS WITH THE NEW PULVOCRON 


Because this unit is so versatile, it can pul- 
verize hard or soft materials and can operate 
in the extreme fineness range (95 to 99% 
finer than 5 to 10 microns) or it can operate 
in the coarse particle size range (50 mesh 
and thereabouts). 

The Pulvocron is now being used to solve 
many size reduction problems in the chem- 
ical, food and related process industries. 
Available in 20 and 38-inch grinding cham- 
bers and constructed of carbon or stainless 
steel. 


SPECIAL FEATURES 


e Pulverized product particle size control 
e Pulverized product temperature control 
e Installation versatility 

e Accessibility for inspection 

e Sturdy construction for years of service 


THE PULVOCRON IS AN ADVANCED IMPACT 
AND AIR ATTRITION PULVERIZER COMBINED 
WITH INTERNAL PARTICLE SIZE CLASSIFIER. 


TYPICAL INSTALLATIONS USING 
20” PULVOCRON 


Product . 
Feed Material 
Pulverized. . 
Capacity. . 


. Soya Sitosterols 

. 40 Mesh (Approx.) 

. 99.99% minus 10 microns 
. 500 Ibs. per hr. 


Product . . 

Feed Material 
Pulverized. . 
Capacity. . . 


. Urea Formaldehyde 
. Va to Ye" Diameter 

. 99% minus 80 Mesh 
. 1600 Ibs. per hr. 


Consult Strong-Scott with your pulverizing problems 


451 Taft Street N. E., Minneapolis 13, Minnesota * Phone: STerling 1-7461 
EQUIPMENT DESIGNED FOR BETTER PROCESSING 
For more information, turn to Data Service card, circle No. 75 
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Rota-Cone 


PAUL O. ABBE 


“ASSURES SUPERIOR DRYING 
OF HEAT SENSITIVE MATERIALS” 
says BENZOL PRODUCTS. 


The Benzol Products Plant at New Brunswick, New Jersey does its 
final drying and blending of barbiturates and other heat sensitive materials 
in a Paul O. Abbé Rota-Cone Dryer. 

“Since using your dryer,” states a spokesman for the company, “we 
do not get any decomposition of the material. The tumbling action assures 
contact of the material with the heated surface. The vacuum removes the 
moisture-laden air. In consequence, we are able to dry at lower temperature 
and evenly.” 

“The tumbling action has a further advantage. It produces a more 
uniform product by providing a mixing action at the same time that it dries 
the material.” 

Other reported advantages of the Rota-Cone method of drying in 
comparison with the tray drying previously used by this company include: 
less exposure to dirt, more economical of space, 33% less labor. Tempera- 
ture is automatically controlled from 30°C. to 90°C. 

Type of products being dried in the Rota-Cone today are: pharma- 
ceutical powders, plastic resins, chemicals in powdered, flake and granule 
form, textiles, and metal powders. 

Why risk decomposition of heat-sensitive materials, dirt, and higher 
ns when you can avoid them by using a Paul O. Abbé Rota-Cone 

ryer? 

Made in capacities from | to 500 cubic feet. 

To get all the facts, write today for our 12-page brochure "'C", 
illustrating and describing this equipment in complete detail. No obligation. 


Irradiation techniques 


from page 95 


properly matched, efficiency is from 
50 to 75%. This increases to 90 to 
100% for single-side irradiation of a 
flowing liquid or gaseous product 
where the reaction is a function of 
total absorbed power only, and is not 
dependent on uniformity within indi- 
vidual product elements. 


Capital costs 

As a general estimating value for 
a full-scale production process, radia- 
tion can be delivered to the product 
for about % to 1 cent per megarad- 
pound, including costs, 
amortization of machine and shielding, 
and return on investment. The mini- 
mum capital investment for produc- 
tion irradiation would total about 
$100,000, an amount which can often 
be reduced through lease of the 
equipment. 


Over 200 long tons of sulfur a day 
and 50 million cubic feet of raw gas 
will be produced at the sulfur re- 
covery and cycling plant now under 
construction for Tidewater Oil at 
Franklin County, Texas. One of the 
largest such plants in the country, the 
unit will, in addition to the sulfur, 
remove some 7500 barrels a day from 
the raw gas, over 1000 of propane 
and 550 of butane daily. Hydrogen 
sulfide removal from the raw gas is 
by the Girbotol process. Tidewater 
and Texaco each have 46 percent in 
the New Hope Field, Humble Oil 
owns 4 percent. 

A new source of polyethylene glycol 
is now available, with Allied Chemi- 
cals’ manufacturing facility now on 
stream at Orange, Texas. Offered are 
PEG 200, 300, 400, 600, 1000, and 
1450, and in combination shipments 
with other glycols and ethanolamines. 
Tetra potassium pyrophosphate, the 
latest to be added to Hooker Chemi- 
cals product line, is the principal prod- 
uct to be manufactured at the com- 
pany’s new plant in Jeffersonville, 
Indiana. Target date for operations to 
begin is mid-1960. 


A $10 million oil company with main 
offices in Hongkong will concentrate 
on marketing in Southeast Asia and 
the Middle East. Incorporated under 
the joint ownership of Union Oil of 
California and Maruzen Oil of Japan, 
Unimar, Inc. will get products for the 
fully integrated operation from each 
company’s refineries. 


271 CENTER AVENUE LITTLE FALLS, N. J. 


For more information, turn to Data Service card, circle No. 39 
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Taconite processing is typical of the many 

varied, cost-saving applications for Fuller Pneu- 

matic Conveying. 

They’re turning low assay iron ore into rich 

pellets on the Mesabi these days. Moving addi- 
How tives for pelletizing, Fuller plays a special role in 

this feat of engineering and production economy. 


Fuller Pneumatic Conveying S 
Pneumatic Conveying Fuller Pneumatic Conveying Systems are carry- 
ing fine anthracite screenings, soda ash, and 
bentonite from siding to storage to processing— 
Helps Make New with speed, safety, sanitation, and efficiency. 
With few moving parts to wear out and powered 


Mi ni ng Process by inexpensive low-pressure air, Fuller Pneumatic 


Conveying Systems speed dry bulk materials 


Economically Practical anywhere that a pipeline can be run: under 


ground, up through floors, around corners . . . for 
far greater distances and at substantially lower 
cost than possible with mechanical conveyors. 


Fuller Pneumatics Can Work For You, Too—as 


easily and profitably as it does in a score of in- 


~ 


dustries from baking to mining to paper. If you 
move dry bulk materials, write today and learn 
how you can move further—for less—with air. 


» 
Centralized control is provided by giant panel 


Four Fuller Pneumatic Systems can speed more than 307 long tons of 
designed and manufactured by Fuller. 


additives through this huge Taconite Pelletizing Plant in a single day. 
See Chemical Engineering Catalog for details and specifications. 


FULLER COMPANY | K ller | 
174 Bridge St., Catasauqua, Pa. ul 
Subsidiary of General American Transportation Corporation in hernessiag 
Offices in Principal Cities Throughout the World yeh: 
For more information, turn to Data Service card, circle No. 23 
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AFSR 


A fast neutron source 
reactor for fundamental research 
in reactor physics 


EBR-I 
A fast breeder reactor 
for advanced experiments 


ZPR-II 


A versatile critical 
assembly for studies of the 
physics of fast reactors 


wt 


EBR-II 
Prototype of a fast breeder reactor 
complete with integrated power plant 


\ and a facility for reprocessing fuel 
\ 
\ IDAHO 
FALLS 
TREAT 


A reactor to study 
the behavior of 

fuel elements under 
transient conditions 


BORAX-V 

A flexible facility for 
investigating boiling and 
nuclear superheat 


wie 
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The Idaho Division of Argonne National Laboratory has a distinguished 
record of contribution toward realization of our nation’s objective of economic 
nuclear power. Included in the proud chronicle of its historical accomplish- 
ments toward peaceful applications of the atom are: 

The first generation of useful amounts of electricity from the atom, (EBR-I, 1951); 


The first demonstration of breeding of nuclear fuel, proving the feasibility of producing 
in a reactor more fuel than is consumed during operation, (EBR-I, 1953); 


The first boiling reactor, verifying the practicability of using nuclear-created steam 
directiy in a turbogenerator system to produce electricity, (BORAX-I, 1953); 


The first use of atomic power to light a town (Arco, Idaho, by BORAX-III, June, 1955). 


Concepts today that are 
programming America’s future 


Ambitious plans are still in the making at Argonne’s Idaho Division. This 
unique proving ground, operated in close cooperation with the other divisions 
of Argonne National Laboratory, provides an unsurpassed variety of reactors 
and associated research programs to challenge the creative scientist and engineer. 


With four reactors in operation and two more under construction, many oppor- 
tunities have been created for physicists, mathematicians, chemists, chemical 
engineers, electrical engineers, mechanical engineers, metallurgical engineers, 
and nuclear engineers. 


Interesting, specialized problems exist for the pure theoretician. There is also 
opportunity for those who wish to participate in applied projects from concep- 
tion through design, construction, and test phases. 


Organization and administration aim both for individual productivity and 
interdisciplinary cooperation. Basic and applied research are promoted at the 
professional level as full-time assignments. 


Argonne families enjoy the dry, sunny and healthful climate of the Idaho Falls 
area, where Western-style family living is at its best. Outdoor attractions such 
as Yellowstone Park, the Grand Tetons, and Sun Valley, are close at hand for 
enjoyment by the whole family. 


PLEASE WRITE TO: 


Meyer Novick, Director 
Idaho Division 

Argonne National Laboratory 
P. O. Box 2528-1A6 

Idaho Falls, Idaho 


IDAHO DIVISION 
Many openings exist for similarly 
qualified scientists and engineers 
at the Lemont site in suburban Chicago. 
NATIONAL LABORATORY Particular interest in opportunities 
Operated by the University of Chicago under a there should be directed to: 


contract with the United States Atomic Energy Commission Louis A. Turner, Deputy Director 


P. O. Box 299-1A6 
Lemont, Illinois 
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industrial 
news 


From the sands 
of Athabasca 


Four-company combine mounts 
pilot-plant attack on 40 billion bar- 
rel hydrocarbon reserve, said to be 


world’s largest. 


A PARTNERSHIP of four American and 
Canadian oil companies are making 
an all-out try at development of a 
method for extraction of hydrocarbons 
from the immense oil sands reserve 
along the banks of the Athabasca 
River in northern Alberta, Canada. 
Companies involved in the venture are 
Imperial Oil Limited, Cities Service 
Athabasca, subsidiary of Cities Service 
Co., Richfield Oil, and Royalite Oil. 
The first three hold 30% interests, 
Royalite 10%. 

The Athabasca sands, estimated to 
contain some 40 billion barrels of 
hydrocarbons (about equal to total 
proved resources of North America), 
average about 10% hydrocarbons by 
weight. The hydrocarbons are approxi- 
mately 7.5 A.P.I. gravity, and are 
solid at atmospheric temperature. 
About 50% of the hydrocarbon con- 
tent boils below 1,000°F. Sulfur con- 
tent is roughly 5%, vanadium runs 
about 200 ppm. 

Mining technique— 
economic key 

Paramount factor in economic ex- 
ploitation of the long-known Atha- 


Figure 1. Mining wheel in operation at Mildred Lake. 


basca hydrocarbon deposit is the cost 
of mining the tar sands. Typical sands 
range from 150 to 200 feet in thick- 
ness, overburden varies from 25 to 100 
feet. 

Pilot-plant operations, under way 
since August, 1959, are believed to 
have demonstrated a workable mining 
technique. A German-designed and 
built “mining wheel”, based on a 
model used in Germany for commer- 
cial exploitation of brown coal does 
the trick. The diesel-electric experi- 
mental wheel being used at the 
Mildred Lake site can handle 9,600 
cubic yards of material per day. The 
extraction equipment has been de- 
signed as a portable, self-propelled 
unit, capable of operating in the field 
along with the mining equipment. 


Process 


The bituminous sands are delivered 
by a belt convevor from the bucket 
wheel to the extraction unit. Rocks 
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and foreign material are separated. 
The basic extraction process employs 
a diluent—produced from the bitumin 
itself—to reduce the viscosity and 
specific gravity of the bitumin. Water 
is then added to precipitate the sand, 
freeing the diluted bitumin for subse- 
quent processing. The oily mixture of 
diluent and bitumin is decanted from 
the water which is recycled to extrac- 
tion. 

The diluent recovery unit at Mildred 
Lake is designed to process 3,000 bar- 
rel per day of a mixture of 67% diluent 
and 33% bitumin by volume. Diluent 
recovery is effected by flashing at high 
temperature and ambient pressure. 

Diluent is returned to the extraction 
unit, while the virgin bitumin is split 
into two streams, one to storage for 
use as fuel, and another which goes 
into a thermal cracking unit (“vis- 
breaking”). 

Because of the high sulfur content 
(5%), it is considered probable that 
hydrogenation will turn out to be the 
only practical method of converting 
the extracted bitumin to an acceptable 
low-sulfur crude—intensive experi- 
mental work in this direction is said 
to be under way. 


Computer monitors 
power plant 


Transistor unit operates six months 
with 99-75/100% reliability. De- 
pendability of solid-state design 
proved in trial run. 


A NEw computer has attained a de- 
gree of reliability never before realized 
in industrial operation according to 

continued on page 106 
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are you the 1 in 20 who knows how 


MOLECULAR DISTILLATION 


can increase profits? 


if you are that one, you know that 
Molecular Distillation can process or- 
ganic compounds with molecular 
weights from 200 to 1250 and silicones 
and halocarbons to 4000. 


This means that a broad range of 
processes can be carried out with 
better results and at far less initial 
cost and far less operating cost than 
by methods commonly used. Here 
are a few such processes: 


@ Vitamin Recovery from Natural 
Triglycerides 


@ Purification of Monoglycerides 

@ Isolation of Natural Oil Components 
® Distillation, Decolorizing, Recovery 
@ Purification of Pharmaceuticals 


@ Removal of odors, colors and non- 
saponifiables from crude tall oil, 


fatty acids and materials of higher 
molecular weights in general. 


Results and savings are often star- 
tling. For example, a leading phar- 
maceutical manufacturer produces a 
tranquillizer from compazine base (a 
previous impossibility) using an 
Asco Molecular Still—-weekly sav- 
ings more than equal still cost, and 
the product is purer! .. . A French 
chemical producer distills electrical 
grade dioctyl phthalate of high qual- 
ity on a commercial scale. ...A 
U. S. company de-glycerinates glyc- 
eride mixtures with remarkable 
economy, just one of the separations 
and distillations of glycerides pos- 
sible with Asco Molecular Stills. 


Over 95% of all high vacuum 
stills in use today have been 
manufactured by 
Arthur F. Smith Company 


Paraffin at a 
Fraction of a cent 
Per Pound! 


Three Asco Molecular Stills at 
Trans Penn Oil Co. Can Produce 
More than One Tank Car 


ASCO ROTA-FILM 


The Only Molecular Still 
Seld on a 
Royalty-Free Basis 


Check These 


Asco Features: 


CO Capacity Per Unit Practically 
Unlimited 


Present Personne! Can Operate 
[[] Accelerated, Turbulent Film 

[] Shorter Exposure Time 

[_] Minimum Pressure Drop 

[_] Largest Possible Open Path 


Test at Low Cost! 


A laboratory size Asco Rota- 
Film Molecular Still is now avail- 
able. This permits inexpensive 
tests accurately transferable to 
Asco industrial models. 

Price is $391. 


Brochure | 

Fully Describes Models 

and Applications 

Molecular Distillation for indus- 
trial application is growing 
rapidly. If you are not fully 
informed on its possibilities, 
send for free brochure, “.. . 
Molecular Distillation with the 


a\s ARTHUR F. SMITH COMPANY 


Cc 311 ALEXANDER ST. + ROCHESTER 4, N. Y. 


Rota-Film Still.” 


For more information, turn to Data Service card, circle No. 118 
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SPRAYING SYSTEMS CO. 


SPRAY NOZZLES 


products and services 


to improve your production 


PRODUCTS 


Whatever your application might 
be, Spraying Systems Co. offers 


spray nozzles to meet your need 


exactly. Over 12,000 standard 
nozzle types and capacities . . . to 
obtain whatever spray character- 
istics and capacities you desire 
in spraying, relative to any 
combination of liquid physical 
and chemical qualities. 


TECHNICAL INFORMATION 
Complete information on spray 
nozzle types, capacities and 
performance characteristics are 
available in reference catalog 
form. Data Sheets on hundreds 
of basic applications are also yours 
for the asking. You will find 
Spraying Systems a reliable ref- 
erence source for any information 
concerning spray nozzles and 
their application. 


RESEARCH 
As a part of its own plant 
operation, Spraying Sys- 
tems Co. maintains its own 
research facilities, for the 
continuing study of new 
spray nozzle designs, mate- 
rials and applications. The 
many advantages of research 
are an inherent quality of 


every Spraying Systems 
spray nozzle you buy. 


SPRAYING SYSTEMS CO. 


3284 RANDOLPH 


STREET 


BELLWOOD, ILLINOIS 


SPRAY NOZZLES FOR 


For general information . . . Your 
inquiry for Catalog 24 is invited. 


IBLE, MEASURABLE BETTER PERFORMANCE 


For more information, turn to Data Service card, circle No. 2 


February 1960 
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Computer monitors 
from page 104 


Inc. Daystrom, which 
makes the equipment, bases its claim 
on an tastalladion which monitored 
an electric power station, virtuall 
without stopping, during a six soo 
test period. 

Data from the Sterlington, La. sta- 
tion of Louisiana Power and Light 
Co., indicate that the complex data 
logging and computer equipment 
operated at 99.75% efficiency for the 
six month, twenty-four-hour-a-day, 
seven-day-a-week trial run. The com- 
puter automatically monitored 350 
points involving temperatures, pres- 
sures, and flows; identified, located, 
and recorded process deviations; and 
instantaneously recorded any process 
variable plant operators desired. 

The key to the high reliability, ac- 
cording to Daystrom, are the new de- 
sign techniques used in the general- 
purpose digital computer. All electron 
tubes and moving parts have been 
eliminated in this unit. Instead, only 
solid state devices such as transistors 
and diodes are used. 

Louisiana Power and Light is in- 
stalling a Daystrom digital computer 
control system for fully automatic 
control of its new power station at 
Little Gypsy, La. Plans are for the 
equipment to automatically start, oper- 
ate, and shut down the generating sta- 
tion based upon information obtained 
by monitoring 1226 process check 
points. 


Maleic anhydride production is shap- 
ing up at Heyden Newport, with a 24 
million pounds a year capacity unit 
at Fords, New Jersey, now under con- 
struction. Anticipated on stream date 
for the new plant is late 1960. 

A 20 million pound a year maleic 
installation has also been started at 
the Richmond refinery of Standard Oil 
of California, for Oronite Chemical, 
a Standard subsidiary. Completion is 
due in mid-1960. 

Du Pont’s paint plant, making lac- 
quers, enamels, varnishes and thin- 
ners, for the Belgian market, expects 
to be in full production by March, 
1960. Other European countries, it is 
expected, will be supplied later in the 
year. 

Reichhold Chemicals has sold the 
Lindsay, Ontario, plant of its recently 
acquired Varcum Chemical Division 
to Reichhold Chemicals, Ltd. of 
Canada. The plant is one of the largest 
producers of phenolic molding com- 
pounds in Canada. 
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Electron micrographs showing 
Micro-Cel grade distinctions. 


ly 


Micro-Cel holds water like a camel! 


Micro-Cel®, Johns-Manville’s new line of synthetic calcium silicates, absorbs up to 6 times its 
weight in water... remains a free-flowing powder after absorbing triple its weight in liquid. 
41% lbs. bulk to a full cubic foot. Costs only 7 to 8¢ a pound. Surface areas up to 175 sq. m/gr. 


Micro-Cel, available in several grades and offering a wide range of physical properties, may 
provide the cost-cutting answer to your formulating problems. For further information, 


samples and assistance, mail in coupon! JOHNS-MANVILLE JM 


Celite Division 


JOHNS-MANVILLE, Box 14, New York 16, N. Y¥. 
In Canada: Port Credit, Ontario. 


() Please send additional data. 
[] Please send free sample of suitable grade of Micro-Cel 


for use in: 


(J Have local Sales Engineer contact me. 


Name Position 


Company 
Address. 


Zone___County 


For more information, turn to Data Service card, circle No. 54 
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the big nome in small pumpa for the process industries 


THREE BASIC DESIGNS 
Serve Most Small 
Chemical Pump Needs 


GEAR: If you require self-priming 
and intermittent or sustained operation 
with constant flow metering and repro- 
ducible accuracy within plus or minus 1 
percent, or maintenance of vacuum in 
the micron range—handling all commer- 
cial chemicals, acids, oxidants, alkalies, 
aromatics, solvents—select the Eco 
GEARCHEM Pump. For temperatures up 
to 400° F and viscosities to 10,000 SSU. 
Capacities to 10 gpm. Pressures to 100 psi. 


ROTARY: If you want linear, non- 
segmented, non-foaming flows, ideal for 
shear-sensitive emulsions and safe for 
auto-detonating fluids—select the self- 
priming Eco ALL-CHEM Rotary displace- 
ment pump with twin opposed oscillating 
impellers. Designed for severe corrosive 
service. For reduced viscosities and tem- 
peratures to 250° F. Capacities to 10 
gpm. Pressures to 100 psi. Suitable for 
metering in conjunction with Rotometers. 


CENTRIFUGALS [i you want a 
widely applicable, corrosive-resistant cen- 
trifugal pump handling most chemicals, 
including slurries with particle size up to 
ly of an inch, as well as troublesome 
sticky fluids—select the Eco CENTRI- 
CHEM Pump. This pump was designed to 
meet the standardization pageee of 
major, multi-plant chemical companies. 
Capacities to 40 gpm. Heads to 57 feet. 


GREAT VERSATILITY 


The widest variety of metals and non- 
metallics for every corrosion and con- 
tamination problem are utilized in Eco 
Pumps. These include the stainless steels, 
Stellite, Hastelloy* B and C, monel, 
nickel, zirconium and titanium; Teflonf, 
phenolic plastics, Hypalon, Nylon, cer- 
amic, carbon, etc. 


Mass Produced and Stocked 
for Immediate Delivery 


Eco Pumps are not “custom built” with 
attendant slow delivery and high cost. 


They are stock pumps, produced in vol- 
ume on automatic “program” machine 
tools where multiple operations are per- 
formed to reduce needless labor and 
handling. This results in lower prices, pre- 
cision uniformity and complete inter- 
changeability of parts to meet customer 
requirements and to facilitate field 
servicing. 


ECO CEN TRI-CH EM PUMPS Ask for literature on the complete Eco 


pump line. 
*Union Carbide Trademark. tdu Pont Trademark. 


ENGINEERING 
A 
ECO ALL-CHEM PUMPS 
is 
ENGINEERING COMPANY 12 New York Avenue NEWARK 1,N.J. =| 
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ervice 


FREE — Detailed technical 
data on products and services 
advertised this month. PLUS 
—Carefully-selected new of- 
ferings of free technical liter- 
ature. IT’S EASY — Merely 
circle appropriate numbers 
on the Data Post Card and 
mail—no postage required. 


Numbers in bold face ; 
circled on Data Post Ca 
Numbers in parenthesi 
tion give the page on | 
occurs. IFC, IBC, and ¢ 
ments. 


LD CARD AND 
LE NUMBERS 


SUBJECT GUIDE to advertised products ar 


EQUIPMENT MATERIALS SERVI 
Air Distributor (p. 10). ‘‘Thermal-Aire’ Alcohol-Freon Solvent Formulation (p. Design 
plug units are inserted directly into 87-88). Data from U. S. Industrial oxide p 
furnace, oven, or kiln, eliminate need Chemicals. Circle 126-5. Lummus 
for duct work. Data from Garden City 
Fan & Blower. Circle 79. Butyl Acetate (p. 87-88). Data Sheet Design 
from U. S. Industrial Chemicals gives plants (f 
Blenders, rotary (p. 138). Nine stand- specifications, properties, shipping 12-page | 
ard models with capacities to 900 cu. data, applications. Circle 126-4. in design 
ft. Bulletin O80B from Sturtevant Mill. 
Circle 58. Carbon, activated, granular (p. 14). : 
Booklet from Pittsburgh Coke & Design 
Calciners, continuous, indirect-heat (p. Chemical describes liquid, vapor Plants (j 
FC). Specially designed for high-tem- phase applications. Circle 74. Ralph M 
rature processing in neutral, oxidiz- 
or Bulletin Coatings, protective, high-temperature Fapbricatix 
118 from C. O. Bartlett & Snow. Circle (P- 158). Technical data from Midland Data fro; 
56. Industrial Finishes on “Sicon” heat- fabricatic 
resistant finishes. Circle 10. processir 
Centrifugals, solid-bow! (p. 85). In in 7 iv mommanic 
seven sizes, each capable of twenty- 120). Data “Caro Fabricatit 
five variations in design. Data from = 7:n- 11,” new zinc-filled inorganic 30). Dat 
Bird Machine. Circle 106. coating material for all-weather appli- facilities 
Comparators (p. 128). Handbook from cation and service. Circle 128. all metal 
W. A. Taylor has 101 pages of techni- Desiccants (p. 107). Johns-Manville 
cal data on theory and application of offers technical data, samples of new —— 
pH control. Circle 78. “Micro-Cel” line of synthetic calcium — * 
silicates. Circle 54. ans 
Compressors (p. 34). Technical engi- air pollu 
meering data from Ingersoll-Rand. Circle Ethylene Oxide (p. 18). Bulletin from ‘ators, f 
114. Matheson gives specifications etc. Circl 
puters, analog (p. 89). Complete physical constants. Circle 36-2. tee | 
tine of electronic computers and com- Gases, compressed (p. 18). Prices results fi 
continued on page 110 continued on page 110 Laborato 
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| and Construction, ethylene- 
plants (p. 125). Info from 
us. Circle 115. 


| and Construction, process 
(p. 121). M. W. Kellogg offers 
e reprint on use of scale models 
gn. Circle 28. 


and Construction, process 
(p. IBC). Technical data from 
M. Parsons. Circle 133. 


ation, process equipment (p. 9). 
rom Boardman on facilities for 
ition of all kinds of chemical 
sing equipment. Circle 144. 


tion, process equipment (p. 
ata from Koven Fabricators on 
ss for equipment fabrication in 
tals and alloys. Circle 140. 


ition, process equipment (p. 
Yata from Edw. Renneburg & 
yn kilns, combustion equipment, 
llution control systems, evapo- 
mixers, elevators, conveyors, 
rcle 48. 


| Friction (p. 113). Research 


from General Motors Research 
tories. Circle 26. 
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CEP’S DATA SERVICE—Sub 


CIRC 


EQUIPMENT from page 109 


ponents. Data from George A. Philbrick 
Researches. Circle 49. 


Computers, engineering (p. 91). Data 
from I1BM on its new 1620, a desk-size 
engineering computer. Circle 147. 


Computers, general purpose (p. 93). 
Technical data from Information Sys- 
tems on the Panellit IS! Process Infor- 
mation & Computer System. Circle 27. 


Condenser, evaporative (p. 11). Uses 
no external source of water. Data 
from Graham Mfg. on the ‘“‘Aqua- 
mizer."’ Circle 73. 


Conductivity Celis (p. 145). Catalog 
from industrial Instruments’ gives 
details of many types. Circle 35. 
Contactor, rotating-disc (p. 123). 
Bulletin T-1159 from General Ameri- 
can Transportation. Circle 57. 


Control, level (p. 130). With external 
adjustment for proportional band and 
liquid level height. Data from Fisher 
Governor. Circle 17. 

Control Sytem, visual (p. 157). Booklet 
BE-20 from Graphic Systems. Circle 80. 


Controllers, program (p. 12). Infinitely 
modulates heater power, coordinates 
time- and temperature-contro! for 
even most unstable systems. Bulletins 
JSB and JG from West Instrument. 
Circle 15. 

Conveyors, pneumatic (p. 127). Bulle- 
tin 143-B from Spencer Turbine 
describes stationary and portable sys- 
tems, gives. typical applications. 
Circle 38. 

Conveyors, pneumatic (p. 101). Tech- 
nical data from Fuller. Circle 23. 


Detector, voids (p. 28). Locates skips 
and “holidays” in protective coatings. 
Bulletin and technical data from Tinker 
& Rasor. Circle 32. 

Dryer, pan, heavy-duty (p. 135). Tech- 
nical data from Bethlehem Foundry 
& Machine. Circle 50. 

Dryer, “‘Rota-Cone” (p. 100). Specially 
designed for heat sensitive materials. 
Capacities from 1 to 500 cu. ft. Bro- 
chure C from Paul O. Abbe. Circle 39. 
Dryers, spray (p. 27). Bulletin SW 
401 from Swenson Evaporator. 
Circle 139. 

Ejectors, liquid-jet (p. 25). Stocked 
in cast iron, bronze, stainless, PVC, 
Haveg, Pyrex. Bulletin 2M _ from 
Schutte and Koerting give types, sizes, 
capacities. Circle 67. 

Equipment, fused quartz (p. 143). 
Many standard sizes and shapes of 
equipment components, plus custom 
fabrication for special needs. Catalog 
from Thermal American Fused Quartz. 
Circle 31. 
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Equipment, process, graphite (p. 31). 
Heat exchangers, valves, pumps, 
etc. in impervious graphite. Data from 
Falls Industries. Circle 5. 

Equipment, tantalum (p. 97). Bayonet 
heaters, tapered condensers, thermo- 
wells. Data from Fansteel Metallurgical 
Circle 19. 

Feeders, bulk material (p. 5). With or 
without automatic timing controls. 
Data from B. F. Gump on the Draver 
feeder. Circle 81. 

Filter Papers (p. 98). Technical data 
and free samples from Eaton-Dikeman. 
Circle 107. 

Filter Presses (p. 147). Catalog from 
D. R. Sperry. Circle 55. 

Filtering Equipment (p. 140). Data 
from Filpaco Industries on complete 
line of filters, filter materials, tanks, 
mixers, and fillers. Circle 120. 

Flash Drying Systems (p. 95). Appli- 
cation data from Raymond Div., Com- 
bustion Engineering. Circle 41. 


Flow Meters, magnetic (p. 119). Linear 
measurements accurate to plus or 
minus 1% across the entire scale. 
Bulletin 20-14 from Foxboro. Circle 24. 


Heat Exchangers (p. 4). Data from 
Downingtown Iron Works on fabrica- 
tion and inspection facilities. Circle 96. 


Heat Exchangers (p. 117). Technical 
data from Patterson-Kelley. Circle 82. 


Heat Exchangers (p. 134). In. all 
grades of carbon, alloy, and stainless 
steel, nickel, aluminum, special low- 
temperature materials. General Cata- 
log from Engineers and Fabricators. 
Circle 12. 

Heat Exchangers (p. 135). Technical 
data from Heat Exchanger Div., 
Western Supply. Circle 46. 


Heat Exchangers (p. 145). The ‘‘Aero”’ 
exchanger is almost independent of 


external water supply or disposal. 
Bulletin 132 from Niagara Blower. 
Circle 14. 


Heat Exchangers, coil-type (p. 122). 
Bulletin R-50 from Aerofin describes 
Type R removable-header water coils. 
Circle 1. 


Heat Exchangers, shell-and-tube (p. 
94). Large assortment of models 
available immediately from _ stock. 
Catalog 1258A from Young Radiator. 


Circle 33. 
Heat Exchangers, standardized (p. 
143). Bulletin from Manning & Lewis. 
Circle 43. 
Jet-Venturi Equipment (p. 86). Data 
from Croll-Reynolds on compressors, 
condensers, heaters, pumps, mixers, 
reactors, absorbers, scrubbers, etc. 
Circle 138. 


Linings, rubber or plastic (p. 8). Cus- 
tom-made for special processing 
equipment. Bulletin CE-53 from Ameri- 
can Hard Rubber. Circle 20-2. 

Mills, grinding, impact (p. 142). Free 
test runs on your material. Data 
from Entoleter Division of Safety 
industries. Circle 3. 

Mill, grinding, roller-type (p. 32). Bulle- 
tin 52-40 from Hardinge gives details 
of the “Disc-Roll” mill. Circle 52. 
Mixers (p. 126). Technical info from 
Gabb Special Products on the “Shear- 
Flow” mixer, for blending, dispersing, 
homogenizing. Circle 127. 

Mixers (p. 131). Technical data from 
Chas. Ross & Son on variety of 
models. Circle 150. 

Mixers (p. 139). Complete line from 
lightweight portables to heavy-duty. 
Bulletin 530 from Eastern Industries 
describes portables with ratings from 
1/20 to 3 hp. Circle 7. 


continued on page 112 
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and data on 82 compressed gases 


and gas mixtures, plus regulating 
equipment. Catalog from Matheson. 
Circle 36-1. 


Glass, gauge (p. 144). In any length 
or finish from 2 mm O.D. to 7 in. 
0.D. Data from Swift Glass Div., Swift 
Lubricator. Circle 4. 

Heat Transfer Medium (p. 130). Engi- 
neering Data Book from Thermon Mfg. 
describes non-metallic adhesive com- 
pound with efficient heat transfer 
properties. Circle 13. 


Lubricant, chemical (p. 10). Loosens 
frozen equipment parts. Data from 
Kano Laboratories on ‘‘Kroil.”" Circle 
16. 


Packings (p. 144). Technical data from 
Greene, Tweed on “Palmetto” pack- 
ings. Circle 141. 


Polyacetylenes, nonconjugated (p. 87- 
88). Data from U. S. Industrial Chemi- 
cals on synthesis by new low-cost 
process. Circle 126-2. 


Saran (p. 128). Bulletin from Pyramid 
Plastics lists Saran pipe, nipples, and 
fittings, tubing, tube fittings, sheets, 
rods. Circle 34. 


Steel, stainless (p. 13). Plates, heads, 
rings, circles, flanges, forgings, bars 
and sheets. Info from G. O. Carlson. 
Circle 22. 

Sulfur (p. 29). Solid and molten sul- 
fur ready for shipment by truck, tank 
car, barge, ship, or rail. Data from 
Texas Gulf Sulphur. Circle 45. 
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Anhydrous Ammonia 
Anti-Corrosion Liquid 
Brine 

Caustic Catalyst 
Caustic, 50% Solution 
(02, Liquid 
Diethylene Glycol 
Di-propargy! Ether 
Hydrocarbons 


TC) ARE GIVING YOU PUMPING PROBLEMS? 


Methanol Amine 
Naphtha @ 300° F 
Nickel Catalyst Slurry 
Nitric Acid 

Pulp Density Mineral Ore 
Silica Gel 


Slurry 

Sulfuric Acid 
Tanning Solution 
Urea 

Water 


Where the pressures are high . . . or the liquids 
are tough to handle . . . that's for us! 


The list above is typical of the special pumping 
problems we have solved for the process industries 
... problems that call for an intimate knowledge 
of what it takes to handle corrosive, viscous, 
abrasive or highly compressible fluids over a wide 
range of pressures and temperatures. 


This specialized experience is ready to work on 
your specific pumping problems . . . to explore 
them in depth and find a better answer, not just 
an answet. 


Aldrich Pumps range from 25 to 2500 hp.; pres- 
sures to 50,000 psi. For fast reference see our insert 
in Chemical Engineering Catalog. For complete data 
write ALDRICH PUMP COMPANY, 20 Gordon Street, 
Allentown, Penna, 


The tough pumping problems go to 


For more information, turn to Data Service card, circle No. 18 
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EQUIPMENT from page 110 


Mixers (p. OBC). Bulletin 109 from 
Mixing Equipment is condensed cata- 
log showing all types. Circle 47-6. 


Mixers, laboratory and small batch 
(p. OBC). Bulletin 112 from Mixing 
Equipment. Circle 47-5. 


Mixers, portable (p. OBC). % to 3 hp. 
Bulletin 108 from Mixing Equipment. 
Circle 47-3. 


Mixers, side entering (p. OBC). 1 to 
25 hp. Bulletin 104 from Mixing 
Equipment. Circle 47-4. 


Mixers, top entering (p. OBC). 
Propeller types, 4 to 3 hp. Bulletin 
103 from Mixing Equipment. Circle 
47-2. 

Mixers, top or bottom entering (p. 
OBC). Turbine, paddle, and propeller 
types, 1 to 500 hp. Bulletin 102 from 
Mixing Equipment. Circle 47-1. 


Nozzles, spray (p. 106). Over 12,000 
standard nozzle types and capacities. 
Catalog 24 from Spraying Systems. 
Circle 2. 


Nozzles, spray (p. 142). Compre- 
hensive Spray Nozzle Catalog from 
Binks Mfg. Circle 21. 

Ovens, industrial (p. 129). Special 
engineering of heater, fans, d::cts, 
ports guarantees proper amount of 
heated air at controlled tempera- 
ture. Data from Despatch Ovens Co. 
Circle 53. 


Packing, tower (p. 38). Bulletin S-29R-1 
from U. S. Stoneware has engineer- 
ing data on applications of Intalox 
Saddle packing. Circle 130. 


Pails, polyethylene-lined (p. 87-88). 
For safe packaging of corrosive liquids. 
Data from U. S. Industrial Chemicals. 
Circle 126-6. 

Piping, high-impact, rubber-plastic (p. 
8). In \% to 6 in. sizes, screw or 
solvent-welded fittings. Valves 1% to 
2 in. Bulletin 80A from American 


Hard Rubber. Circle 20-1. 


SUBJECT GUIDE to 


CIRCLE CORRESPONDING NUMBERS ON DATA SERVICE CARD 


EQUIPMENT 


301 Absorber, surge. Bulletin SK-59 
from Hydril Co. presents specifications 
for Type ‘‘K"’ surge absorbers for re- 
moving the shock and pulsation from 
pipelines. 

302 Centrifuge. Bulletin from De Laval 
Separator Co., describes new line of 
centrifugal ‘‘De-sludgers’’ for continu- 
ous removal of solids from suspensions 
and slurries. 

303 Compressor. Cooper-Bessemer is- 
continued on page 114 
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Technical data 
tapered 


Processor (p. 137). 
from Kontro thin-film, 
processor. Circle 76. 


Pulverizers (p. 7). Bulletin 51A from 
Pulverizing Machinery Div., Metals 
Disintegrating, has complete technical 
details on the ‘‘Mikro-Pulverizer’’ line. 
Circle 117. 


Pulverizers (p. 99). Data from Strong 
Scott Mfg. on the ‘Pulvocron,’’ an 
advanced impact and air attrition 
pulverizer combined with internal 
particle size classifier. Circle 75. 


Pumps (p. 111). Standard models 
from 25 to 2,500 hp, pressures to 
50,000 Ib./sq. in. Technical data 
from Aldrich Pump. Circle 18. 
Pumps (p. 108). Data from Eco 
Engineering on small gear, rotary, 
and centrifugal models. Circle 129. 
Pumps (p. 147). Technical data from 
Nagle Pumps on custom-built models 
for abusive applications. Circle 44. 
Pumps, canned (p. 115). For pressures 
to 5,000 Ib./sq. in., temperatures to 
1,000°F, capacities to 600 gal./min. 
Composite Bulletin 1100 from Chem- 
pump Div., Fostoria Corp. Circle 72. 
Pumps, controlled-volume (p. 33). 
Bulletin 59 from Lapp Insulator has 
typical applications, flow charts, speci- 


fications, special leakage chart. 
Circle 29. 
Pumps, gear (p. 131). Bulletin G-1 


from Schutte and Koerting. Circle 83. 
Pumps, peristaltic-action (p. 144). 
Complete info on sizes and capacities 
from Sigmamotor. Circle 9. 

Pumps, turbine-type (p. 23). Pump, 
turbine, and controls in one packaged 
unit. Booklet from Coffin Turbo Pump. 
Circle 97. 

Pyrometers, surface (p. 139). Bulletin 
4257 from Illinois Testing Labora- 
tories describes Alnor portable ‘‘Pyro- 
cons” for scale ranges to 2,000°F. 
Circle 42. 

Seals, gas (p. 157). For leak-proof 
joints at pressures to 20,000 Ib./sq. 


in., temperatures to 1,000°F. General 
Bulletin 160WH from General Hermetic 
Sealing. Circle 25. 


Sizing Machines (p. 136). Booklets 
from Simon-Carter give details of pre- 
cision graders, disc separators, etc. 
Circle 30. 


Stills, molecular (p. 105). Brochure 
from Arthur F. Smith ‘Molecular Dis- 
tillation with the Rota-Film_ Still.” 
Circle 118. 


Tanks (p. 139). New 16-page Catalog 
from Littleford Bros. gives details of 
all kinds, shapes, sizes. Circle 6. 


Tanks, wood (p. 24). Lined and unlined 
in all sizes for storage of acids and 
other corrosive chemicals. Data from 
Wendnagel. Circle 77. 


Tubing, polyethylene (p. 87-88). Data 


from U. S. Industrial Chemicals on 
new method for improving clarity. 
Circle 126-1. 


Valves, ‘‘Flo-Ball."” (p. 19-22). Techni- 
cal data from MHydromatics gives 
details of new “‘Flo-Ball’’ design, for 
pressures to 300 Ib./sq. in., tempera- 
tures to 400°F. Circle 125. 


Valves, gate, jacketed (p. 138). Bulle- 
tin J-57 from Hetherington & Berner. 
Circle 59. 


Valves, split-body (p. 26). Complete 
technical data from Annin. Circle 149. 


Vessels. titanium-clad (p. 87-88). Data 
from U. S. Industrial Chemical on new 
bonding and welding methods. Circle 
126-3. 


Valves, plastic (p. 8). In PVC, rubber- 
plastic, polyethylene, Saran. Sizes ¥ 
to 2 in. Technical data from American 
Hard Rubber. Circle 20-3. 


Water Treatment Equipment (p. 10). 
Complete plants for demineralization, 


dealkalizing, clarification, silica re- 
moval, water softening, iron and 
manganese removal Catalog from 


Hungerford & Terry. Circle 11. 


free technical literature 


MATERIALS 


361 Aluminum. Twenty-page Booklet 
from Olin Mathieson gives comprehen- 
sive information for selecting aluminum 
alloys and surface finishes for industrial 
building applications. 

362 Antioxidants. Eastman Chemical 
Products offers new 26-page Catalog 
No. G-109 with properties, applications, 
evaluation info, handling procedures 
for line of food-grade antioxidants. 


363 n-Butyronitrile. Eastman Chemicals 
continued on page 114 


SERVICES 


383 Fabrication, process equipment. 
Folder from Goslin-Birmingham shows 
process equipment, evaporators, filters 
and facilities for custom manufacture. 


384 Industrial Water. Reprints of Tech- 
nical Paper 138 entitled ‘Problems in 
the Use of Sewage Plant Effluent for 
Boiler and Cooling Purposes’’ from 
Betz Laboratories. 
385 Rubber, synthetic. Description of 
plant for making critical synthetic rub- 
continued on page 114 
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One of a series 


On the riddle of rolling friction 


x 


It doesn’t take much to roll a hard ball across a hard, 


smooth, level surface — actually only about 0.00001 times the 


normal force acting vertically on the ball. But by careful 


measurement of this tiny rolling force, scientists at 


the General Motors Research Laboratories 


are helping to unravel the riddle of rolling friction. 


An important relationship recently uncovered 


in this fundamental study: the rolling force is proportional 


to the volume of material that is stressed above 


a certain level. As a result, a GM Research group have not only 


confirmed the hypothesis of how a rolling ball loses energy 


(Answer: elastic hysteresis) but also have learned where 


this lost energy is dissipated (Answer: in the interior of the material, 


not on the surface). Mathematical analyses have indicated 


the exact shape of the elastically stressed volume 


in which all the significant frictional loss takes place. 


The purpose of friction research at the GM Research Laboratories 


is to learn more about the elastic and inelastic behavior 


of materials. This knowledge — of academic interest now — will 


eventually give GM engineers greater control of energy lost through 


friction. This is but one more example of how General Motors 


lives up to its promise of “More and better things for more people.” 


General Motors Research Laboratories, 
Warren, Michigan 


Relationship of rolling force 
0 2 6 8 0 12 1% 16x10 = to elastically stressed volume. 
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MATERIALS from page 112 


sues 6-page Bulletin 92 on 300 hp. 
packaged pickup compressor. 

304 Compressors, turbocharged. New 
Bulletin 179 fully describes and illus- 
trates the Clark Bros. line of turbo- 
charged HRA-T gas-engine-driven com- 
pressors. 

305 Computer. Data available for RPC- 
4000 electronic, transistorized, internal- 
ly binary magnetic drum computer from 
Royal McBee. 

306 Computer, analog. Brochure de- 
scribes solid state computing device 
for mathematical calculations in the 
chemica! process industries. Info. from 
Southwestern Industrial Electronics. 
307 Co::nuter, programming. Technical 
info available in 18-page Booklet from 
Royal McBee for new programming 
developments for computers. 

308 Crusher, saw tooth. Information 
concerning a water-tight saw tooth 
crusher for handling chemical slurries 
is available from Sprout, Waldron & Co. 
309 Detector, chlorine. Bulletin No. 
0805-2 from Mine Safety Appliances 
describes operation of new instrument 
for checking chlorine concentrations to 
20 ppm in air. 

310 Detector, hydrocarbon. Eight-page 
Brochure describes operation, use and 
specs for Model 213 hydrocarbon de- 
tector for detecting ppm of aldehydes, 
ketones, alcohols and amines. Info. 
from Perkin-Elmer. 

311 Detectors, leak, halogens. Techni- 
cal Bulletin GET-2936 from General 
Electric gives detailed instructions on 
finding leaks using new, portable halo- 
gen leak detectors. 

312 Equipment, corrosion resistant. 
Four page technical Bulletin DS-1 from 
Resistoflex describes chemically inert 
Fluoroflex-T dip pipes, spargers, ther- 
mowells, and nozzle liners. 

314 Equipment, processing. Literature 
describing process equipment such as 
high pressure filters and ‘“‘Turba-Film" 
processor are available from Rodney 
Hunt Machine. 

315 Equipment, processing, graphite. 
New 29-page booklet contains data for 
cost estimation of standard impervious 
graphite processing equipment pro- 
duced by Falls industries. 

316 Equipment, refractory metals. New 
8-page Bulletin No. 978 from Pfaudler 
describes equipment available using 
tantalum, titanium, and zirconium as 
materials of construction. 

317 Filter. Catalog Sheet 111 describ- 
ing 2-micron filter for ultra-fine particles 
available from Bendix Aviation. 

318 Filter, acid sludge. Bulletin 459 
from Milton Roy Co. describes sludge 
trap and filter for removing concen- 
trated sulfuric acid sludge. 

319 Filters, drum. Bulletin from Peter- 
son Filters and Engineering Co. presents 
continued on page 116 
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offers information and samples for this 
newly produced solvent and chemical 
intermediate. 


364 Cryolite, natural. Illustrated 24- 
page Booklet on history, physical, 
chemical properties, uses of natural 
cryolite from Pennsalt Chemicals. 
365 Esters. Kessler Chemical offers 39- 
page Catalog containing specifications, 
physical properties, technical data, 
literature references for a variety of 
industrial esters. 

366 Hydroxyethyl Cellulose. New 16- 
page Booklet containing extensive data 
on properties, materials preparation, 
applications, test methods for hydroxy- 
ethyl cellulose from Union Carbide. 


367 Inhibitors, acid. Bulletin from Am- 
chem Prod. contains Table showing 
protection ‘‘Rodine’’ acid inhibitors 
afford various metals. 

368 Insulation. New 54-page Catalog 
IN-244A contains physical properties, 
thermal data, and product information 
for complete line of thermal insulation 
materials. Data from Johns-Manville. 
369 Insulation, neoprene. Information 
concerning preformed, flexible neo- 
prene insulation for straight or bent 
pipe from Grant Wilson, Inc. 

370 Laminates, plastics. Information 
concerning properties and applications 


DEVELOPMENT OF THE MONTH 


ELECTRONIC COMPUTER 
(Circle 601 on Data Post Card) 


New advance in electronic computers is 
claimed by Computing Systems, Inc. with its 
incorporation of high-speed memory and auto- 
matic iteration capability in a general purpose 
analog computer. 

The new system, known as DYSTAL (Dy- 
namic Memory & Storage Analog Computer), 
is said to utilize the traditional advantages of 
both analog and digital computers. The ana- 
log’s speed, lower cost, ease of programming, 
and improved output data presentation are re- 
ported to be combined with the digital 


computer's unique capacity for data storage and 
time-sharing of computing elements. 

For more complete details, Circle 601 on 
Data Post Card. 


of ‘“Daponite’’ laminates from Food 
Machinery and Chemical. 

371 Materials, plastics, chemicals. New 
12-page Booklet CDC-370 describes and 
gives technical data for complete line 
of polycarbonate, phenolic resins; var- 
nishes; molding powder; fused magnes- 
ium oxide. General Electric. 

372 Molybdenum. New 12-page bro- 
chure describing applications, physical 
properties and production processes for 
molybdenum from Sylvania Electric 
Products. 

373 Organic Chemicals. A complete list 
of organic chemicals readily available; 
a complete list of organic chemicals in 
development stage with estimated 
prices; and Brochure for custom syn- 
thesis from Eli Lilly. 

374 Plastics. New 67-page Catalog from 
Plastics Division of Kaufman Glass in- 
cludes prices, dimensions, table of 
properties for complete line of plastic 
materials. 

375 Plastics, polyvinyl chloride. New 
process prevents degradation of PVC 
thus expanding the use for handling 
corrosive liquids. information from 
General American Transportation. 
376 Polyethylene. Technical information 
from Phillips Chemical contains 20-page 
Brochure with physical, chemical prop- 
erties, processing, application data for 
polyethylene. 

377 Polyethylene, low molecular weight. 
Three new polyethylene resins for a 
variety of uses from Eastman Chemical 
Products. Properties and uses. 

378 Polyethylene, pellets. Information 
concerning availability of high quality 
reprocessed polyethylene film in dense 
pellet form from Interplastics Corp. 
379 Polymer, acetal resin. New high- 
melting thermoplastic material having 
unusual properties is being used for 
replacement of brass and other metals 
in valve construction. Data from Du- 
Pont. 

380 Radiochemicals. New 46-page 
Catalog lists Carbon-14 labeled com- 
pounds manufactured by Research 
Specialties Co. along with prices, licens- 
ing info, purity methods, etc. 

381 Resin, epoxy. Data concerning de- 
velopment of an epoxy resin with high 
temperature performance from Dow 
Chem. 

382 Sulfur Dioxide. New 16-page Bul- 
letin from Ansul Chemical Co. describes 
techniques for storage, handling, trans- 
ferring liquid sulfur dioxide. 


SERVICES from page 112 


ber parts for valves and regulators 
from Grove Valve and Regulator. 

386 Tubular Products, report on non- 
destructive testing. A review of testing 
procedures for tubular products from 
Republic Steel. 
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The basic design of Chempump, the first canned 
depend on ’ pump, has been tested and refined under tough 


' field conditions for nearly ten years. 
CH EM Pty Mi r RESULT: Leakproof pumping which requires no 
seals, stuffing box, no “O”’ rings. Easy bearing 
to changes without breaking pipeline connections. 
- Special designs and materials available for han- 
give you dling fluids with pressures to 5000 psi . . . tem- 


peratures to 1000°F . . . capacities to 600 GPM. 
Water or steam jackets available to insure proper 


operation in many special applications. Most 
= models UL approved. 


Chempump is the canned pump proved in thou- 


sands of successful installations, ranging from 
’ heavy water to corrosive slurries. You can rely on 


Chempump to handle your costly, volatile, toxic, 


or other problem fluids safely, efficiently and 
economically. Write now for composite bulletin 1100. 


Chempump Division, Fostoria 
Corporation, Buck and County 
Line Roads, Huntingdon 
Valley, Pennsylvania. 


CHEMPUMP. firstin the field...process proved 


For more information, turn to Data Service card, circle No. 72 
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EQUIPMENT from page 114 


typical installation and applications of 
variety of drum filters. 

320 Filters, vacuum. Bulletin from 
Proportioneers Div. of B-I-F Industries 
describes both concentric and flat leaf 
vacuum filter for industrial process 
water. 

321 Fittings, jacketed. New Catalog 
from J. P. Devine Manufacturing gives 
diagrams, sizes, other information for 
jacketed fittings, gate valves, plug 
cocks, expansion joints, strainers. 
322 Heat Exchangers, graphite. Details 
for new Heil “‘Nocordal’’ impervious 
graphite heat exchanger for cooling, 
heating sulfuric and other acids from 
Heil Process Equipment. 

323 Hose, pressure. Information avail- 
abie on new line of flexible metal pres- 
sure hose in wide range of matarials 
available from International Metal Hose. 
324. Hose, pressure. Information con- 
cerning new, lightweight, flexible, high 
pressure nylon hose for a variety of 
industrial applications from Polymer 
Corp. 

325 Indicator, motion. New literature 
from Bin-Dicator gives details for 
positive motion indica- 
tor safety mechanism. 

326 Instrumentation, gas chromato- 
graphy. Data Sheet 10.15-20 from Min- 
neapolis-Honeywell gives information 
for programming temperature in gas 
chromatographic measurements. 

327 Instrumentation, industrial waste. 
Industry Bulletin B97-2 from Minne- 
apolis-Honeywell is a 24-page collection 
of technical articles concerning waste 
treatment problems. 

328 Joints, swing. Catalog F-8 from 
OPW-Jordan gives dimensions, materials 
of construction, service instructions 
for line of swing joints. 

329 Laboratory Ware, fused quartz. 
New 30-page Catalog contains stock 
items available in fused quartz from 
Thermal American Fused Quartz Co. 
Physical properties and price list are 
included. 

330 Meters, flow. Information for posi- 
tive displacement rotary type meter 
for variety of fluids from the Flow 
Equipment Co. 

331 Mills, grinding. New “‘Vibro-Energy”’ 
equipment for precision grinding of 
chemicals, pigments, and metal pow- 
ders in sub-micron range available from 
Southwestern Eng. 

332 Mills, jet. Information concerning 
new jet mill which eliminates contam- 
ination in grinding is available from 
Trost Jet Mill in lab or production sizes. 
333 Mixer, batch. Details are available 
trom Daffin Mfg. on line of batch mixers 


116 February 


CEP’S DATA SERVICE—Subject guide to free technical literature 
CIRCLE CORRESPONDING NUMBERS ON DATA SERVICE CARD 


for blending of dry, free flowing ma- 
terials. 

334 Mixer, ribbon blender. Information 
on new ribbon blenders with capacities 
of 20 to 200 cu. ft. for solving mixing 
problems from Munson Mill Machinery. 


335 Motor Reducers. New 28-page 
Catalog MR-58 is a complete selection 
guide for vertical motor reducers and 
in-line reducers. Philadelphia Gear. 


336 Piping, graphite. Catalog from Falls 
Industries presents properties, specifi- 
cations, installation tips for graphite 
pipes, fittings, valves. 

337 Pumps, centrifugal. Bulletin HY- 
856-A from Bell & Gossett has selection 
table for ‘‘Uni-built’’ centrifugal pumps 


338 Pumps, centrifugal. New type ‘‘pH”’ 
centrifugal pumps for corrosive liquids 
and slurries handling outlined in Dean 
Brothers Circular 217. 


339 Pumps, chemical. New Bulletin 
1100 describes complete line of seal- 
less pumps for handling a variety of 
chemicals from Chempump Div. of 
Fostoria Corp. 

340 Pumps, chemical. New low-cost 
compact ‘‘canned"’ pump weighs 7 Ib., 
pumps 800 gal./hr., produces heads to 
12 ft. Data available from Dynapump 
Div., Fostoria Corp. 

341 Pumps, chemical. New proportion- 
ing pump for corrosive chemicals from 
B-I-F Industries. 

342 Pumps, filter. Informative filter 
pump selection guide from Sethco Mfg. 
presents 20 models for 50 to 2700 
gal./hr. capacity for variety of electro- 
plating and industrial solutions. 

343 Pumps, gear. Application, construc- 
tion and operation of SK Gear Pumps 
presented in Bulletin G-1 from Schutte 
and Koerting. 

344 Pump, metering. Bulletin 1153-C 
describes the ‘‘Mersemetric’’ controlled 
volume metering pump with submerged 
liquid inlet. Milton Roy. 

345 Pumps, rotary. Bulletin One from 
Blackmer Pump gives details for selec- 
tion, application and construction fea- 
tures for rotary power-driven pumps. 
346 Pumps, vacuum. Information from 
Ingersoll-Rand presents advantages, ap- 
plications of the ‘‘Axi-compressor’’ for 
vacuum service. 

347 Purifier, hydrogen palladium dif- 
fuser. Information for producing ultra- 
pure hydrogen from dissociated am- 
monia using palladium diffusion purifier 
from Engelhard Industries. 

348 Regulators, sliding gate. Con- 
densed Catalog from OPW-Jordan gives 
info for sliding gate regulators and 
control valves. 


349 Rotameters. Bulletin 150 from 


Brooks Rotameter presents types, ma- 
terials of construction and adaptability 
of rotameters for corrosive service. 


350 Rotameters. New Bulletin 18N 
describing pneumatic transmitting ro- 
tameters for transmitting fluid flow 
rates to recording instruments from 
Schutte and Koerting. 


351 Safety, fire. New 27-page Catalog 
from Fyr-Fyter Co. lists complete line 
of safety equipment for detection and 
controlling interior fires. 


352 Separator, centrifugal. New multi- 
stage, push-type centrifugal separator 
for filtering wide variety of materials 
in chemical process industries. Details 
from Baker Perkins. 


353 Spray Dryers. Editorial reprint SP 
of case study of spray drying of alum- 
ina granules from Bowen Engineering. 


354 Tanks, chemical processing. Bulle- 
tin 59 illustrates wood tanks and towers 
available from Wendnagle for the chem- 
ical process industry. 

355 Tester, metals. A simple, unique 
tester which differentiates between 
similar metals such as Inconel, stain- 
less steel; zirconium, hafnium and 
Zircaloy-2. General Electric. 

356 Thermocouple Wire, noble metal. 
New Brochure from Baker Platinum 
Div. of Engelhard Industries presents 
materials information for temperature 
sensing elements. 

357 Valves. Bulletin V-1 illustrates and 
describes some current valves manu- 
factured by Schutte and Koerting. 

358 Valves, flow control. Catalog con- 
taining specifications for motorized iris 
flow control valve featuring flexible 
diaphragm for bulk material flow in 
hoppers from Syntron. 

359 Valves, non-lubricated, gate. Bro- 
chure from Pacific Valves describes new 
valves featuring dual metal-to-metal 
and elastomer seals for light gases or 
heavy fluids. 

360 Valves, reduced ports. Literature 
from Red Jacket Co. describes rubber 
pinch valve adaptable ‘to control prob- 
lems. 


A.1.Ch.E. Membership 


Brochure—‘‘Know Your Insti- 
tute’’—ttells objective aim and 
benefits to chemical engineers 
who join this nation-wide organ- 
ization, includes membership 
blank. Circle number 600 on 
Data Post Card. 
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NEW WORK BOOK 
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SIMPLIFIES HEAT EXCHANGER SELECTION 


The need for a standard terminology to simplify com- 
munications between P-K and engineers in the chemical 
processing industry has been met in P-K’s new Heat 
Exchanger Manual. 

This unique communications tool illustrates and de- 
scribes components of shell and tube heat exchangers 
commonly used in processing. A complete system of inter- 
changeable front heads, shells and rear heads is estab- 
lished. Fundamentals of heat transfer and design are 
reviewed. Even economic considerations are discussed. 
The simple, certain nomenclature saves time, effort and 


duplication of engineering work. 


Patterson 


For more information, turn to Data Service card, circle No. 82 
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This 120-page manual, indexed and bound in hard 
covers, will be supplemented from time to time with new 
technical material. Names of holders will be registered 
to receive such material as it appears. 

Only a limited number of copies is available and, natu- 
rally, these should go to those in the process industries 
who will benefit most from the information we have 
compiled. If you design or specify heat exchangers, 
write us on your company letterhead, outlining briefly 
areas of your interest. A few copies are available to 
students and non-technical personnel at a nominal 
charge. Patterson-Kelley Co. Inc., E. Stroudsburg, Pa. 


Kelley 


Heat Exchanger Division 
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W. A. Samuet, Callery Chemical Co., 
Callery, Pa. 


Small quantity diborane 


Details of a pilot facility at Callery Chemical for pro- 
duction of up to 100 pounds of diborane per day. 


THe Process used at Callery is based 
on the following reaction: ‘potassium 
borohydride plus boron trifluoride to 
give potassium fluoroborate and di- 
borane. Diethylene glycol dimethyl 
ether (diglyme) is used as a solvent. 
diglyme 


3KBH, + 


3 KBF, +- 2B,H, 

The reaction is carried out in 100 
gallon reactors (Figure 1). These are 
jacketed steel vessels, each fitted with 
an agitator, a liquid level gage, a dip 
tube, and various other nozzles for 
instrument elements, sample connec- 
tions, etc. One of the openings at the 
bottom of the tank feeds the suction 
line of a centrifugal pump which cir- 
culates the reactor contents through 
a refrigerated (—10°C) heat ex- 
changer and back to the reactor. Cool- 
ing water is passed through the reactor 
jacket. Two units in parallel are used, 
so that one can be washed and re- 
charged while the other is operating. 
A simplified schematic diagram of the 
system is shown in Figure 2. 
Operating procedure 

About 60 gallons of diglyme are 
metered into one of the reactors from 
one of two 150 gallon diglyme storage 
tanks. Meanwhile, a charge of KBH, 
is weighed out in a plastic bag. The 
borohydride charge may vary from 
80 to 135 pounds, but 120 pounds is 
usually used, This material may be ex- 
posed to the air for short times with- 
out appreciable deterioration. The 
asad charge is dumped into a 
nitrogen-blanketed hopper. This hop- 
per is above the reactor and is con- 
nected to it by 4-inch pipe fitted with 
plug valves. The rye is equipped 
with a gas-tight lid to prevent air 
from entering the system. After the 
charged has been dumped from the 
hopper into the reactor, additional 
diglyme (usually about 15 gallons) is 
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added to the reactor to bring the level 
up to that at which it operates best. 

At this point, the reactor contents 
are circulated through the external 
heat exchanger, and the flow of cool- 
ing water through the jacket is started. 
Then the BF, addition through the 
dip-tube is begun. The BF, is added 
rapidly (about 40 to 50 pounds per 
hour) until the diborane evolution wd 
gins. This usually requires one to two 
hours. The exact reason for this delay 
in diborane evolution is not known. 
Callery researchers have evidence that 
it is not due to the formation of a 
diborohydride, which does occur when 
sodium borohydride is used. The delay 
is probably due to a combination of 
solubility effects and side reactions 
with impurities. 

After the diborane evolution begins, 
the BF, rate is reduced to about 20 
pounds per hour until the borohydride 
charge is exhausted. The completion 
of the reaction takes about six to eight 
hours and is evidenced by the cessa- 
tion of the diborane flow. Two factors 
limit the permissible BF, addition 


From filter 


Diglyme storage 
(2-15Ogal parallel) 


BY to condenser 


and storage 


Reactor 
(2-100 gal 


poraile!) 


rate: the diborane condenser capacity 
and the temperature rise in the re- 
actor. The temperature rise is usually 
the controlling factor since the reac- 
tion liberates about 1,400 BTU per 
pound of diborane produced, and the 
desired maximum temperature is 40°C. 


Depending on the nature and the 
amount of impurities in the borohy- 
dride, even more heat may be evolved. 
This heat is removed via the circulat- 
ing loop through the refrigerated heat 
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Figure 1. Schematic diagram of the di- 
borane reactor at Callery. 


exchanger. Having adjusted the BF; 
rate so that the temperature is satis- 
factory, the reactor is on-stream. 


Product recovery 
The diborane gas being produced 
must now be freed of solvent and 
condensed before storage. The gas 
passes from the reactor through an 
entrainment trap and thence through 
a —10°C heat exchanger to remove 
most of the diglyme. This diglyme 
drains back to the reactor. The dibor- 
continued on page 120 
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Figure 2. Simplified schematic for small-scale diborane plant. 
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One of six Foxboro Magnetic Meters at International Salt Company’s Avery Island Refinery. Meters are 
measuring 220°F sodium chloride brine being discharged from filters on International's Recrystallizer Process. 


Foxboro Magnetic Flow Meters handle 
220°F salt brine just like water! 


“trouble-free” — International Salt reports 


Foxboro Dynalog Instrument 
indicates flow rate through any 
one of the 6 Magnetic Meters 
— at the flip of a switch. 


220°F —that’s the temperature of 
sodium chloride brine as it leaves filters 
at International Salt Company’s Avery 
Island Refinery in Louisiana. And their 
6 Foxboro Magnetic Meters have been 
providing continuous, trouble-free flow 
measurement of this highly corrosive 
liquid for over a year. 

These meters easily handle this pun- 
ishing chemical. They’re lined with 
corrosion-proof Kel-F — have no flow 
restrictions of any type. Linear meas- 


OXB 


urement — accurate to +1% across the 
entire scale—is indicated on remote 
Foxboro Dynalog* instruments. 

Since its introduction 5 years ago, the 
Foxboro Magnetic Meter has simplified 
the measurement of difficult liquids in 
hundreds of industrial processes. Ask 
your nearby Foxboro Field Engineer 
how it can help your process. Or write 
for Bulletin 20-l*. The Foxboro 
Company, 932 Neponset Avenue, 
Foxboro, Massachusetts. 


*Reg. U. 8. Pat. OF. 


REG. U.S. PAT. OFF. 
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“GALVANIZE” 

STEEL ON- fs 


Carboline’s new zinc filled 
inorganic protective coating 


© All-weather application: —20° F. to 150°F., up to 100% humidity. 

@ All-weather service: —80° F. to 750° F. 

@ Excellent resistance to water, brine, high humidity and organic 
solvents. 

@ Water-insoluble 20 minutes after application. 

@ Cures from inside out... requires no curing solution. 


@ Resists undercutting and subfilm corrosion. 


Carbo Zinc 11 can be used without topcoat or as primer with 
vinyl, Hypalon or inorganic renewable topcoat for color. Apply 
with brush or spray. In non-immersion service, it can be applied 
over a commercial blast surface. It’s economical, too... low 
material, application and maintenance costs. 


Write today for complete information, technical data, uses and samples of 
this outstanding, easily applied coating . . . Carbo Zinc 11. 


*Patent applied for 


32-C Hanley Industrial Ct. St. Louis 17, Mo. 
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Sales engineers in principal cities. 
Consult your telephone directory. 


COATINGS 
WITH 
EXPERIENCE 


For more information, turn to Data Service card, circle No. 128 
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Diborane 


from page 118 


ane then passes through a dry-ice 
cold trap where virtually all of the 
remaining diglyme is removed. This 
diglyme, which is small in quantity, 
may be recovered later. The 
now flows through a rotameter and 
into a two-stage reciprocating com- 
pressor system. The discharge pressure 
of the first stage is 50 lb./sq.in. gauge, 
and that of the second stage is 125 
lb./sq.in. gauge. In order to eliminate 
the possibility of developing a vacuum 
in the event that the feed gas flow 
drops to too low a rate, slip-streams 
from the discharge of each stage are 
recycled back to the suction side of 
that stage. To prevent overheating of 
the gas, the streams are cooled in 
refrigerated (— 10°C) heat exchangers 
immediately prior to compression. At 
125 lb./sq.in. gauge the diborane is 
condensed in Heliflow heat exchangers 
at —60°C. It is then stored as a 
liquid. During the operation, about 
32 pounds of diborane will be pro- 
duced. There are now left in the re- 
actor nearly 300 pounds of waste 
solids suspended in the 75 gallons of 
solvent. The solvent is expensive and 
must be recovered. Meanwhile, the 
second reactor is started through the 
sequence of operations. 


Solvent recovery 


The solvent recovery and waste 
removal operation begins by trans- 
ferring the spent reactor contents to 
a 250 gallon hold tank, after having 
purged the reactor with nitrogen to 
remove the residual diborane. The 
hold tank is equipped with a steam 
jacket and a recycle loop. The spent 
material, which is a slimy slurry, is 
heat-treated for four to eight hours 
at 80°C, and it is circulated at about 
10 gal./min, to keep the solids in 
suspension, Heat-treating increases the 
particle size of the solids, permitting 
easier filtration. After the desired hold 
time has elapsed, a slip-stream is taken 
from the hold tank recycle loop and 
fed to a filter. The filter is a Dorr- 
Oliver continuous rotary pressure fil- 
ter; the drum is a foot wide and a 
foot in diameter. The filtration is 
carried out at 80°C, and a differential 
pressure of 5 to 7 Ib./sq.in. is main- 
tained across the filter with nitrogen. 
Normally the filtration requires only 
two hours per batch, but sometimes 
impurities in the borohydride charge 
cause such poor filterability that as 
many as nine hours may be required. 
The diglyme filtrate passes through 
water-cooled heat exchangers and into 

continued on page 122 
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NEW LIGHT ON 


‘ 

es PROBLEM: Provide chemical compa- 
+ nies with ways to: (1) minimize capital 
* 4 investments in new plants; (2) shorten the 
; time between plant planning and plant 


production; (3) assure optimum design 
and operating efficiency. 


3 | SOLUTION: Kellogg-developed scale 
+ models, such as the one shown above, used 
it as engineering and design tools. 

e For an increasing number of The 
; M.W. Kellogg Company’s clients in the 


chemical and petroleum refining indus- 
tries, scale models have proved to be a 
many-sided solution to the economics 
of engineering and constructing new 
production facilities. This is especially 
true in regard to piping—a major in- 
| vestment in any process plant. 

Built by Kellogg’s designers, these 
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This is a scale model of a section of a dye plant now being built by Kellogg for Toms River-Cincinnati 
Chemical Corporation. It is a typical example of Kellogg's ability to design with models to clients’ 
process schemes. 


AN OLD PROBLEM 


three-dimensional blueprints eliminate 
planning studies and piping key plans, 
improve designs, facilitate approval, 
promote faster construction and lower 
operating costs. They replace conven- 
tional drawings of over-all layout and 
piping. Photographs of the models are 
used instead of these drawings. The 
models themselves are used on the job 
site to save time in explaining construc- 
tion details to workers and for use in 


THE M.W. KELLOGG COMPANY 
711 Third Avenue, New York 17, N. Y. A Subsidiary of Pullman Incorporated 


The Canadian Kellogg Company Limited, Toronto « Kellogg I nter- 


training operators to run the plant. 

Kellogg’s model techniques and eco- 
nomics, as they apply to the whole 
plant, are described in a reprint of the 
12-page Kelloggram No. 5, available on 
request. For those specifically interested 
in Kellogg’s developments in process 
piping, also ask for the 24-page reprint 
of a recent Kellogg article in the chemi- 
cal press, “How and When to Use 
Plastic Pipe’. 


national Corporation, London « Societe Kellogg, Paris « Kellogg Pan - 


American Corporation, Buenos Aires « Companhia Kellogg Bra- 
sileira, Rio de Janeire « Compania Kellogg de Venezuela, Caracas 


For more information, turn to Data Service card, circle No. 28 
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Removable-Header 


WATER COILS 
e Complete Drainability 


e Easily Cleaned 


e High Heat Transfer 


Completely drainable and easily cleaned, Acrofin Type 
“R” coils are specially designed for installations where 
frequent mechanical cleaning of the inside of the tubes is 


required. 

The use of 54” O.D. tubes permits the coil to drain 
completely through the water and drain connections and, 
in installations where sediment is a problem, the coil can 
be pitched in either direction. The simple removal of a 
single gasketed plate at each end of the coil exposes every 
tube, and makes thorough cleaning possible from either end. 


The finned tubes are staggered in the direction of air 
flow, resulting in maximum heat transfer. Casings are 
standardized for easy installation. 


Write for Bulletin No. R-50 


AERO FIN CorrorarTion 


101 Greenway Ave., Syracuse 3, N.Y. 


For more information, turn to Data Service card, circle No. 1 
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Aerofin is sold only by manufacturers of fan system apparatus. List on request. 


Diborane 


from page 120 
an intermediate hold tank. It is later 
transferred to one of two 150 gallon 
Storage tanks and reused in subse- 
runs. The filter-cake from 
t 


e filter through a chute and into a 


waste drum. 


Materials of construction 

The chemicals used in this process 
do not pose any severe corrosion prob- 
lem. Brass must not be used because 
it is attacked by boron trifluoride. 
Aluminum is avoided because some 
waste products formed during wash- 
out of boron-contaminated equipment 
cause pitting. All other common metals 
may be used. Most of the lines and 
vessels in the plant described here 
are mild steel. 

Neoprenes and natural rubbers are 
attacked by diborane, presenting gas- 
ket and seal problems. Kel-F, teflon, 
nylon, and some asbestos compound- 
ings, however, are very satisfactory. 


Safety precautions 

Diborane is considered toxic above 
0.5 ppm; the limits of flammabilit 
range from 0.8 to 98 percent by mer 
ume in air. Although the reported 
ignition temperature for diborane is 
145°C, impurities may make high 
concentrations of diborane spontane- 
ously flammable in air. This combina- 
tion of characteristics makes good 
ventilation and explosion protection 
mandatory. 

The operating area is provided 
with a normal ventilation rate of 5 
to 10 air changes per hour. Provision 
is made for emergency ventilation at 
a rate of about 40 to 60 air changes 
per hour. Standard construction in- 
cludes at least one pressure-relief wall 
in every structure in which diborane 
is processed, and explosion-proof 
(Class I, Group D) electrical equip- 
ment is used in all areas where dibor- 
ane may be present. By combining 
good housekeeping with common sense 
and a little specialized knowledge, 
operations using diborane can be as 
safe as most other chemical processes. 

The process described here is suit- 
able for supplying diborane for experi- 
mental and development operations 
which, because of their varying re- 
quirements, cannot utilize the output 
of a truly continuous diborane plant. 
By the same token, it would also fulfill 
the needs of a batch process which 
used diborane on an intermittent basis, 
and it would satisfy the requirements 
for a continuous operation of moderate 
capacity. For large capacity opera- 
tions, there are continuous diborane 
processes which can provide diborane 
more cheaply. a 
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as a new and useful 
chemical engineering tool, 

the Turbo-Mixer 

Rotating Disc Contactor 

has proved its efficiency 

in many commercial applications 


TYPICAL SYSTEMS 
IN SERVICE 


7373 


Furfural —lube oil extractions 


Extraction of essential oils 


| 


Extraction of water soluble 
chlorinated organics 


Extraction of unsulfated organic 
materials from ester salts 


Extraction of mercaptans from gasoline 
fractions by caustic soda, Dualayer"’ 
or Solutizer"’ solutions 

Extractive purification of 
pharmaceuticals 


Extraction -separ of tar pon-nts 


4 


Extractwe recovery of valuable organics 
from waste waters 


Propane deasphalting of lube oi and 
of cat cracker feed 


Phenol extraction from waste water 


Caffeine extraction 


Vanillin extraction 
Caustic extraction of acids from organics 


Removal of trace contaminating 
hydrocarbons from plating solutions 


Separation of Hafnium from Zirconium 


CAN YOUR PLANT PROFITABLY USE AN RDC COLUMN? 
You may find the answer in this booklet! 


Above you see RDC columns in successful Bulletin #T-1159. If you wish, our engi- 
operation for manufacturers of chemicals, neers will be glad to discuss your require- 
petro-chemicals, petroleum and foods. ments and recommend the equipment that 
Production size or pilot plant models avail- will do your work most efficiently. 

able. Write or phone General American for 


Process Equipment Division TURBO-MIXERS 

GENERAL AMERICAN TRANSPORTATION CORPORATION 
135 South LaSalle Street - Chicago 3, Illinois 

Offices in principal cities o 


4 


For more information, turn to Data Service card, circle No. 57 
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chemical 
feature 


A. V. Stack, Tennessee Valley Authority 


Liquid chemical fertilizers 
in drastic upswing 


Development of practical method for use of low-cost, wet- 
process phosphoric acid in mixes seen as key to further expansion. 


‘THe FinsT BULK production plant east 
of the Rockies for liquid mixed fertil- 
izers was built in 1954, Today, only 
six years later, it is estimated that 
there are 256 plants in the central and 
eastern part of the country. With the 
Far West included, there are now 
about 354 plants in the U. S. pro- 
ducing liquid mixes. 

Liquid fertilizers have now ad- 
vanced to a challenging position: con- 
sumption reports by the U. S. Depart- 
ment of Agriculture for the year 
ending June 30, 1958, show that one 
liquid form—anhydrous ammonia—was 
well ahead of any other nitrogen 
fertilizer in tonnage consumed (nitro- 
yen basis). In fact, liquid forms of 
nitrogen—including am- 
monia, aqua ammonia, and nitrogen 
soiutions—accounted for about half of 
the total nitrogen used in direct appli- 
cation, even though old established 
tertilizers such as ammonium nitrate, 
ammonium sulfate, and sodium nitrate 
were among the solid contenders. 


Advantages 

Growing use of fertilizers in liquid 
form is to be expected as a develop- 
ment in keeping with modern tech- 
nology. With any low cost chemical 
product used in large quantities, cost 
of handling is an important part of 
the over-all cost. Use of the liquid or 
slurry form is a growing practice in 
handling other heavy chemicals to re- 
duce labor and other handling costs. 
In the fertilizer field, bulk handling 
of solutions or slurries can also simpli- 
fy handling, expecially in application 
of fertilizer on the farm. 

A second advantage of liquids, 
especially in regard to nitrogen ma- 
terials for direct application, is that 
the manufacturing cost is reduced by 
omitting the operations of drying and 
granulating, Problems of caking and 
poor drillability are also eliminated. 
But, along with these advantages, the 
liquids bring their own peculiar dis- 
pe sath of high storage cost, cor- 
rosion, and relatively low plant food 
content. 

Approximate locations of plants 
making liquid mixed fertilizer are 
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shown in Figure 1. As evident from 
the map, the industry is centered in 
California and in the Corn Belt states 
of Iowa, Illinois, Indiana, and Ohio. 
Some expansion into other areas has 
taken place. There are now about 30 
plants in the South Atlantic and East 
South Central States. 

Total consumption of direct appli- 
cation nitrogen in 1957-58 was about 
479,000 tons of nitrogen, as compared 
to 377,000 for ammonium nitrate, the 
runner-up. Nitrogen solutions are 
more popular in the South Atlantic 
and West North Central States. Total 
consumption of nitrogen in this form 
was about 100,000 tons in 1957-58. 

Although no published figures are 
available on liquid mixes, an estimate 
can be made on the basis of number 
of plants and estimated average pro- 
duction. The latter is estimated at 
about 2,500 tons. From this, current 
annual production, which should par- 
allel consumption closely, is estimated 
at over 800,000 tons. This probably 
represents about 200,000 tons of plant 
food, or about 4.5% of that applied in 
the form of mixed fertilizers. 

Thus, it is clear that liquid mixes 
have not made the inroads in the 


mixed fertilizer field that anhydrous 
ammonia and nitrogen solutions have 
in the direct application field. One 
reason, of course, is that liquid mixes 
are newer in most sections than the 
nitrogen liquids. A major difference, 
however, is that the latter usually can 
be produced and sold at less cost 
than for comparable solids. This is 
not the situation with liquid mixes; 
these normally cost as much or more to 
make than solid mixes, and must de- 
om on convenience and saving in 
andling and application as their main 
advantage. 


Raw materials 

Furnace-type phosphoric acid is still 
the main source of phosphate, although 
wet-process acid is being used in a 
few plants, Cold-mixing plants, which 
are few in number, use ammonium 
phosphate solution or solid diammoni- 
um phosphate, 

Urea-ammonium nitrate solution 
appears to be the principal source of 
nitrogen for supplementing the am- 
monia required to neutralize the acid. 
Urea and various ammoniating solu- 
tions are also used, and in the Far 
West, ammonium nitrate continues to 
be a leading source of supplemental 
nitrogen. 

Practically all the potash is supplied 
as potassium chloride. However, limit- 
ed use of potassium hydroxide has 
been noted recently, mainly to reduce 
the chloride content in tobacco fertil- 
izers. 

Supplies of all raw materials seem 
adequate with the exception of phos- 
phoric acid. It is reported that the 
supply of both furnace and wet-proc- 
ess acid has been limited during the 
current production season, especially 

continued on page 126 


Figure 1. Location of liquid mixed fertilizer plants in 1960. 
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ENGINEERS AND CONSTRUCTORS FOR 


NEW SHELL PROCESS ETHYLENE-OXIDE PLANT 
TO GO ON STREAM 
FOR OLIN MATHIESON IN 1960 


Olin Mathieson Chemical Corporation’s new ethylene oxide 
plant at their Doe Run works, at Brandenburg, Kentucky is 
scheduled to go on stream late in 1960. 

Engineered and constructed by The Lummus Company, 
the plant will employ the Shell Development Company's 
process for the direct oxidation of ethylene to ethylene oxide. 
The ethylene oxide product will be converted into deriva- 
tives for use in the manufacture of antifreeze, industrial 
coolants, hydraulic brake fluids, detergents and chemical 
intermediates. 

Feed for the new plant will come from Olin Mathieson’s 
ethylene plant, also located at Doe Run. 

The new plant is part of a recently announced $30 mil- 
lion expansion program for Olin Mathieson’s Chemicals 
Division. It is the fourth Shell process ethylene-oxide plant, 


INDUSTRY 


to be designed, engineered and constructed by Lummus in 
the last several years. The other three are operated by 
Caleasieu Chemical Corporation, at Lake Charles, La.; 
Wyandotte Chemical Corporation at Geismar, La.; and 
Petrochemicals, Ltd. at Partington, England. 

For ethylene oxide and ethylene glycol, or for any type 
of chemical or petrochemical plant, Lummus’ half century 
of world-wide experience on more than 800 plants for the 
process industries is at your disposal. 


THE LUMMUS COMPANY, 385 Madison Avenue, New 
York 17, New York, Houston, Washington, D. C., Montreal, 
London, Paris, The Hague, Madrid; Engineering Develop- 
ment center: Newark, N. J. 


For more information, turn to Data Service card, circle No. 115 
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the 
modern 
mixer 
with 
| power 
| shearing 


Finer, faster blending, dispersing 
and homogenizing is now possible 
with Shear-Flow’s new Model RL 
Hi-Shear Head. Finely spaced dual 
impellers induce considerable shear- 
ing action and high pumping pres- 
sures that rapidly reduce particle 
size for superior material mixtures. 


Greatly reduces mixing time 
Uniform circulation—no vortex 
Emulsifies immiscible liquids 
Controllable flow pattern 

All parts stainless steel 

Chemically inert seals 

Handles viscous materials with ease 
No operating Torque 

Disperses, blends, homogenizes 
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GABB SPECIAL PRODUCTS INC. 


Windsor Locks, Conn. 


GARB SPEQAL PROOUCTS INC. 


(1 Have representative call 
( Send more information 


Co. & Address 


For more information, turn to Data Service card, circle No. 127 
February 1960 


Chemical fertilizers 
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in the Midwest. The acid is said to be 
in such demand in the solid fertilizer 
industry for use in granulation that 
production and shipping facilities have 
not been adequate to meet the needs 
of all consumers. 


Grade limitations 

A continuing problem is the rela- 
tively low analysis attainable in liquid 
mixes as compared to solid mixes. 
Coupled with this is the lack of good 
data on what grades can be made 
with available materials. Work at 
Sohio Chemical has included a study 
of the effect on solubility resulting 
from varying the ratio of urea to am- 
monium nitrate in the supplemental 
nitroger. In work at TVA, a method 
has been worked out whereby the 
maximum grade stable at 32°F can 
be estimated for any nutrient ratio. 
Also, by use of a formula developed 
in this work, salting out temperature 
for particular grades can be estimated. 

More data are needed on solubility 
in liquid mixed fertilizer systems, in 
particular on solutions in which part 
or all of the potassium chloride is re- 
placed with potassium hydroxide. 


Increasing nutrient content 

Work at Sohio has shown that use 
of ammonium nitrate along with the 
urea raises the grade for some nutri- 
ent ratios, the optimum amount vary- 
ing with the ratio. In many instances, 
however, addition of ammonium ni- 
trate reduces solubility. 

The NH,:H,PO, ratio has a signifi- 
cant effect on solubility in grades low 
in potash. General practice is to use 
a mole ratio of 1.7, whereas 1.6 or 
1.5 usually gives a somewhat higher 
grade. 

Use of superphosphoric acid (76% 
P.O,) gives a large increase in solubil- 
ity, especially in grades low in potash. 
An 11-35-0 base solution made from 
superphosphoric acid is also being 
used to some extent in cold-mix opera- 
tions. 

For grades containing potash, solu- 
bility can be increased by using 
potassium hydroxide or potassium 
carbonate rather than potassium chlo- 
ride. However, these materials are so 
much more costly than potassium 
chloride that use of them merely to 
increase concentration is quite limited. 

Concentration can be increased by 
exceeding the solubility of the nutrient 
salts and treating the salted out con- 
stituents to produce a stable suspen- 
sion. Salting out is then no longer a 
major difficulty, but problems in ap- 
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plying the product are introduced. 
Ne high grades can be produced 
in this manner, but much more work 
is needed before the practicality of 
the method is established and pro- 
ducers can use it with any assurance 
of success. 

In addition to the problem of 
limited concentration, liquid fertilizer 
producers are not able to make some 
of the popular nutrient ratios because 
of their high acidity, for example: 
1:4:4, 1:6:6, 1:4:2, and 0:1:1. Such 
ratios can be made by replacing part 
or all of the potassium chloride with 
potassium hydroxide. 


Process economics 


One of the main advantages of the 
liquid route to fertilizer production is 
the relatively low investment required 
for plant equipment. Elimination of 
operations such as granulation, curing, 
fume disposal, and bagging simplifies 
production considerably. However, 
many producers have found it neces- 
sary to invest heavily in distribution 
and application equipment in order to 
sell their product. Thus the total in- 
vestment can be considerable—report- 
edly over $200,000 in some instances. 


Raw material costs 

The trend is to use of urea-ammoni- 
um nitrate solution rather than urea as 
a means of reducing cost for supple- 
mental nitrogen, even though the 
grade is usually lowered thereby. The 
main raw material cost problem, how- . 
ever, has to do with easiain The If your company s processes 
lower cost of wet-process acid in most involve the handling of 
areas has led to a major effort in find- 
ing ways to use it, including purifying materials that are dry, free 
of the acid, and precipitation, seques- flowing, pulverized, granular 


tration, or suspension of the impuri- ; 
ties. or pellet type, you'll 
find this bulletin 


Australia’s first carbon black facilities | interesting and informative. 
have been completed. The 30 million It describes SPENCER 
pound capacity plant built by United 

Carbon, near Altona, will be able to | pneumatic conveying 


supply most of Australia’s oi] furnace systems (stationary 


black requirements. 

A 13 million pound annual capacity | ane portan 

oriented polyolefins plant marks Good- | contains diagrams of typical 

rich-Gulf Chemicals first venture into systems... illustrates representative 

the manufacture of polymers other | ; ; 

than elastomers. The Port Neches, | applications ...itemizes 

Texas, installation will use the Ziegler the advantages of conveying pneumatically. 
process. 


Allied Chemical has acquired 51 per- | 
cent of the shares of The Montrose REQUEST BULLETIN NO. 143-6. 


Exploration Company Ltd., United 
Kingdom, chrome ore deposit and 


Transvaal will be held. by Allied’ SPENCER 


South African subsidiary, Allied Min- {SPENCER} TURBINE COMPANY 
ing South Africa. “HARTFORD 6. CONNECTICUT 


For more information, turn to Data Service card, circle No. 38 
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PNEUMATIC CONVEYING? 

\ 

( ov = 

Information 

ite fia, 


3 steps 
and 

you 

make 
accurate 
tests 

for 

pH, 
chlorine, 
phosphate 
with 
TAYLOR 
COMPARATORS 


GUARANTEED 
NON-FADING 
COLOR STANDARDS 


WRITE FOR FREE HANDBOOK 
101 pages of technical data 
and useful information. Gives 
theory and application of pH 
control. Describes Taylor line. 


W. A. TAYLOR %° 


412 STEVENSON LANE © BALTIMORE 4. MD 
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Prahl wins Achievement Award 
of Western New York Section 


“FEW WOULD-BE inventors are frustra- 
ted by lack of imagination or intellect, 
but are rather defeated by lack of 
patience, of willingness to defy the 
— of others, to fight for their 
ideas,” said Walter H. Prahl in his 
award acceptance address to A.I.Ch.E’s 
Western New York Section. Prahl, 
director of Phenol Research and De- 
velopment of the Durez Plastics Divi- 
sion of Hooker Chemical, recently 
received the Eighth Annual Profes- 
sional Achievement Award of the Sec- 
tion. 

Prahl, inventor of the Raschig 
Phenol Process now in operation at 
Durex Plastics in North Tonawanda, 
and at Union Carbide, said that ridi- 
cule encountered by those with new 
ideas, discouragement in the face of 
adversity, and attraction by other in- 
terests, are most difficult to overcome. 
The roots of an invention lie as much 


Section president D. S. Rosenberg 


(left) presents award to _ Prahi. 
Onlookers are: (I. to r.) G. C. Crewson, 
R. B. MacMullin, R. L. Murray, and 
M. E. Bretschger. 

in the moral as in the intellectual area 
of man. We are behind Russia in the 
development of the space program 
of the nation, he said, not as result 
of lack of intellect, but rather from 
lack of determination. 


HIGHLY resistant to chemicals, 


corrosion and abrasion, light in weight 


Champion of CHEMICAL RESISTANT MA TERIALS 


Fabricated By PYRAMID* 


STOCK ITEMS 
Seran Pipe, Nipples and 
Fittings 


Saran Tubing, Tube Fittings 
Saran Sheets 


Saran Rods 
SARAN TUBING 


High bursting strength, flexible, easy to handle. Resilient—will with- 
stend rough usage under repeated vibration. Corrosive Resistant. 
SARAN TUBE FITTINGS—designed for high working pressures. Avail- 


able from to %”. 


Write for new Pyramid bulletin—or send details for quotation. 


PYRAMID PLASTICS, INC. 


*Licensee of Dow Chemical Co. 


SARAN MOLDED PIPE 


Easy to uvse—con be cut with ordi- 
nary sow—threaded with stand- 
ard pipe tools. Available IPS sizes 
%” to 2”. 
AND FITTINGS — light weight, 
strong, threaded for easy assem- 
bly. Standard sizes from ¥” to 2”. 


SARAN PIPE NIPPLES 


564 W. POLK STREET, CHICAGO 7, ILLINOIS 


For more information, turn to Data Service card, circle No. 34 
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MODERN DESPATCH OVENS 


used for 


Poly-Clad Prefinished Plywood Paneling 


DESPATCH 


Prah! illustrated his remarks by 
discussing the phenol process which 
began as an idea in 1928 and suffered 
much difficulty, setback and ridicule 
before it was finally operated success- 
fully at Durex, in North Tonawanda, 
in 1941. In the case of the phenol 
process, as in other technical develop- 
ments, the success of the process 
hinged mainly on patience and stub- 
bornness in fighting for the realization 
of the goal. 

Prahl, who holds a chemistry de- 
gree from Leipzig University and a 
doctorate from ee to 
this country when Durex bought the 
process from the Raschig Company 
of Germany in 1937, to direct design, 
construction, and operation of the 
local phenol process plant. 


A 


\\ 


George E. Holbrook 


was presented with 


an Outstanding Ac- 
hievement Award by 
the University of 
Michigan. A _ vice 
president of DuPont, 
and a director of the 
company, Holbrook 
is also a past president and director of 
A.LCh.E. A Michigan alumnus, he 
has three U. of Mich. degrees, having 
received his Ph D from the University 
in 1933. The Award, established in 
1958 by the Regents of the University, 
honors outstanding alumni of the col- 
lege for their achievements. 

Holbrook started his career with 
Du Pont as a research chemist in the 
Jackson laboratory. He has been with 
the company ever since, holding posi- 
tions of increased responsibility until 
he was appointed to the st of 
assistant director of the Development 
Department in 1951. He became vice 
president in 1958. 

The University Citation reads in 
part: the University expresses its re- 
spect for the position to which he has 
attained, and its profoundest esteem 
tor the solid abilities and responsible 
industry by which he has won that 
position, and its gratitude for the 
honor which he has thereby brought 
to his alma mater. 

In addition to having held the posi- 
tion of president of the Institute in 
1958, he was also presented with the 
A.LCh.E. Professional Progress Award 


in 1953 for his remarkable record as 


a chemical engineer, and his energetic 
public service in advancing the pro- 
fession. 

Presentation of the U. of Mich. 
award was made recently at a special 
ceremony during which three other 
graduates were also honored. 


continued on page 130 | 
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Poly-Clad Plywall Paneling 


Toughest finish ever developed for wood paneling . . . the color and 
beauty of fine natural wood grain retained in an amazing finish called 
Poly-Clad . . . yet Plywall production of multi-colored grain finished 
plywood has increased 350°7, during the last four years with modern 
methods and Despatch Ovens. 

The famous Plywall finish includes different materials for front and 
back base coat applied simultaneously. The finish initially applied to 
the face of each panel, the base coat, is complimented with a hue that 
is varied in accordance with colors specified. The back side receives a 
moisture seal coating. 

After first coat, panels are placed on special fixtures and taken into 
a Despatch gas-fired oven for 15 minutes at 100° F, 

12 different finishes with five bas!= grain patterns can be applied with 
perfect registration. Finish coatings are rapidly applied with conveyor- 
ized pneumatic spray machine and baked at 150° F. for 45 minutes in 
a second Despatch gas-fired oven. 

Despatch ovens provide convection heat, special engineering of heater, 
fans, ducts and ports to guarantee the proper amount of heated air at 
controlled temperature to every inch of product in the oven—thus 
maximum production speed with controlled uniform quality of finished 
product is assured at Plywall Products Company’s plants in Ft. Wayne, 
Indiana and Corona, California. 


For oven information please write 


DESPATCH OVEN COMPANY 
619 S.E. 8th Street © Minneapolis, Minnesota 


For more information, turn to Data Service card, circle No. 53 
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HAVE YOU TRIED 


Thoroughly proved 


HEAT TRANSFER MEDIUM 


now effecting savings up to 
90% for over 1,000 users! 


COMPARATIVE HEAT TRANSFER 
FULL JACKETING 


atl 
THERMONIZED 
260 ——~ TRACING 


people 
from page 129 


BEST PRESENTATION of paper awards 
at recent A.LLCh.E national meetings 
went to C, A. Hutchinson Jr. and A. 
A. Bondi. Hutchinson was cited for his 
presentation at San Francisco, Bondi 
for his delivery at the St. Paul meet- 
ing. 

Hutchinson is co-author, along with 
Philip H. Braun, of Phase Relations 
of Miscible Displacement in Oil Re- 
covery. A member of the Research 


Thermon is a non-metallic adhesive 
compound with highly efficient heat 


transfer properties, and is easily 
applied over either steam traced or 
electrical resistance systems .. . 


working equally well for either heat- 
ing or cooling processes. 


Thermonizing has excellent heat trans- 
fer characteristics (see curves), 
exceeding steam traced equipment 
approximately 1100°%, and closely 
approaching jacketing equipment. 
Thermon can be used almost with- 
out exception in place of expensive 
jacketing (and in many applications 
where jacketing is impossible), with 
savings up to 90%. 


Write for the new Thermon 
Engineering Data Book 502. 


THERMON 
- MANUFACTURING. CO. 


ne + P. 0. Box 1961 


1017 Rosi 
Houston, Texas 


For more information, circle No. 13 
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and diodes... 
action 


Plugin electronic converter 


assembly 


FISHER GOV 
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now FISHER LEvELt-TROL® 


2 PIPE THE WORLD CHANCES ARE (TS CONDROLIED BY 
ERNOR COMPANY 


CONTINENTAL EQUIPMENT CO DIVISION. 


Best presentation awards to 
Hutchinson and Bondi 


and Development Department at At- 
lantic Refining, Dallas, Texas, he has 
been with the company since 1949, At 
present, Hutchinson is supervisor of 
the reservoir mechanics group, but he 
has worked in various capacities in- 
cluding research in reservoir mech- 
anics and engineering, and operations 
research and project evaluation. In 
addition to his training in chemical 
engineering, Hutchinson has a BS in 
electrical engineering. He was for 
several years on the faculty of the 
University of Colorado in the Applied 
Mathematics Department, and at the 
Engineering Experiment Station, 
Bondi’s delivery of the paper: A 
Corresponding States Correlation for 
Higher Molecular Weight Substances, 
at the St. Paul meeting won him the 
continued on page 134 


FOR 


ELECTRONIC 
SYSTEMS 


Delivers a proportional 1 to 5 milliampere 
de signal through a 3000 + 500 ohm load. 

> Has plug-in converter with printed cir- 
cuit. Conventional leads and unnecessary 
wiring are eliminated 


Features external adjustment for proportional band and liquid 
Extreme simplicity in design. Silicon transistors 
no vacuum tubes. No additional parts to reverse 
Line voltage fluctuation has negligible effect. 


Printed circuit of the converter 
assembly. 


For more information, turn to Data Service card, circle No. 17 
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MARGINS INCREASE..... 


There is only one Mixer that is the most efficient for each different mixing 
requirement — let us recommend the best Mixer for your use based on our 
wide variety of types and almost a century of experience. 


@ 1 Pint—5000 gallon sizes. 
@ Standard designs, or ov Write for complete information! 


+ Aue tose tol wat or CHARLES ROSS & SON CO., INC. 


omar Assn of Mixing, Grind- Leading migrs. of wet or dry grinding Mills, Kneoders and Mixers of oll types— since 1869 
ing and Dispersing Equipment. 148-150 CLASSON AVENUE — BROOKLYN 5, NEW YORK 


PUMPING PROBLEM SOLVED 
GEAR PUMP | Problem: 


To handle JP5 fuel 


OPE RAT ES over a wide tempera- 


ture range. 
from -100F Solution: 


Special SK Herring- 
up to +185F bone Gear Pump. 


NAME OF STATE 
NAME OF STATE 


DATE OF THIS NOTICE 
SIGN NAME HERE 


ZONE NO. 
ZONE NO. 


PREVIOUS ADDRESS 


STREET NUMBER, STREET NAME, POST OFFICE BOX NUMBER 


Schutte and Koerling COMPANY 


2245 STATE ROAD, CORNWELLS HEIGHTS, BUCKS COUNTY, PA. 
Phone MErcury 9-0900 
JET APPARATUS © ROTAMETERS + GEAR PUMPS + VALVES + WEAT EXCHANGERS 
For more information, turn to Data Service cord, circle No. 83 


If your address has changed, please fill out this form and mail to Chemical 
Engineering Progress, 25 West 45th Street, New York 36, New York. 


STREET NUMBER, STREET NAME, POST OFFICE BOX NUMBER 
REF. NO 


EFFECTIVE DATE OF NEW ADDRESS 
NAME OF CITY OR TOWN 
NAME OF CITY OR TOWN 


PRINT NAME & MEM. 
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UNITED 
ENGINEERING CENTER 


While fund-raising continues, 
actual construction gets under- 
way on the United Engineering 
Center on United Nations Plaza 
in New York. Here are the first 
pictures of the excavation work 
going on. From this foundation 
the modern Center will rise 18 
stories and be ready for occu- 
pancy by late 1961 


Three carbon dioxide absorbers being erected by Brown & Root for Transwestern Pipeline’s gas treating plant near Fort 
Stockton, Texas. Each absorber weights 91 tons, is 84 inches in diameter, will operate at 1000 Ib./sq. in. 
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PRY: 


Computer designs com- 
puter! Circuit designs for 
the new IBM 7080 data 
processing system were 
prepared by its predeces- 
sor, the IBM 705 lil. 


rere 


iu 


The new Technological Re- 
search Institute being built 
at the University of Con- 
cepcion, Chile. (Below) The 
Unit Operations Lab in the 
new Institute. 


Making use of the behavoir of metals near ab- 
solute zero, this golfball-sized sphere will spin 
freely for years as part of a new super-accurate 
gyroscope built by General Electric. Sphere will 
rotate in vacuum, supported by magnetic field. 
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EFCO Engineering Efficiency Gives 
JEFFERSON Most Economical Selection 


Jefferson Chemical Company, Inc., is one among many process 
equipment users who profit from the economy provided by EFCO 
engineering efficiency. Years of experience in engineering and fabri- 
cating heat exchangers for the wide temperature/pressure ranges 
characteristic of ethylene and other manufacturing processes enable 
EFCO to offer service-proved engineering design and guaranteed 
job-ratings. Recognized specialists in handling all grades of carbon, 
alloy and stainless steels, and nickel, aluminum, and special low- 
temperature materials, EFCO provides technical service before, dur- 


ing and after installation. 


EFCO’S FOUR POINT PROGRAM PROVIDES: 


service-proved engineering design 

guaranteed job-ratings 

complete fabricating facilities 

technical service before, during and after installation 


ASK OUR GULF COAST CUSTOMERS—THEY KNOW US WELL 


Write for General Catalog 


ENGINEERS AND FABRICATORS, INC. 


P. O. BOX 7395 


PROTECT 
YOUR COPIES OF 


CEP 
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HOUSTON 8, TEXAS 


CHEMICAL ENGINEERING PROGRESS 
25 W.45 th St. * New York 36, N. Y. 


Please send me ... binder(s) for 1947-1948-1949- 
1950-1951-1952-1953-1954- | 955-1956-1957-1958-1959- 
1960 (encircle year) at $3.75 each. Remittance 
of $ is enclosed. (Residents of New 
York City please add 3% sales tax. Foreign 

= 
purchasers may remit by draft on New York 
bank.) 
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citation. He co-authored the work with 
D. J. Simkin, also of Shell Develop- 
ment in Emeryville, California. 

Bondi, who has also worked with 
Oil States Petroleum and River Petro- 
leum, was educated in Germany. He is 
author of several books and articles, 
including Physical Chemistry and Lu- 
bricating Oils, and a contributor to 
the Interscience Encyclopedia of 
Chemical Technology, and the Source 
Book of Rheology. 


Stuart Nussbaum 
has joined the staff 
of CEP as associate 
editor-technical. A 
BS ChE from New- 
ark College of En- 
gineering, he is 
now doing gradu- 
ate work at the 
same college. Nussbaum, in addition 
to considerable editorial experience, 
was for some time with the Air Force 
Cambridge Research Center, in the 
Research and Development Com- 
mand. He has also done other work 
in industry, including solid state re- 
search at the RCA lab in Somerville, 
N. J., and in molecular sieves at 
Linde’s Tonawanda plant. 


S. D. Kirkpatrick 
has retired as edi- 
©" torial director of 
, Chemical Engineer 
‘ ing and Chemical 
Week, McGraw- 
Hill publications. 
He will continue 
as a consulting ed- 
itor, as vice president of McGraw-Hill 
Book Company, and as director of 
several chemical firms. A former pres- 
ident of A.I.Ch.E. (1942) Kirkpatrick 
is the recipient of many honors, includ- 
ing the Institute’s Founders Award. 
W. Reed Wright, Jr. is a new em- 
ployee of Allied Chemical. He recent- 
ly joined the Development Depart- 
ment, Nitrogen Division at Hopewell, 
Virginia. 
George E. Best has joined the Manu- 
facturing Chemists’ Association as 
staff secretary to MCA’s committees 
on air and water pollution abatement 
and chemical packaging. He will also 
handle special assignments. Best, on 
the Air Pollution Abatement Com- 
mittee from 1949 to 1955, was active 
in preparing MCA’s publication, A 
Rational Approach to Air Pollution 
Legislation. 
Wendell G. Fogg retired from Air 
Reduction Company recently, ending 
41 years of service. For the last eleven 
years he has been executive engineer. 
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in producing this 


HEAVY DUTY 
THERMOCOIL" 
PAN 


Bethlehem Foundry & 


Machine Company 
used the following of its facilities: 


Engineered and researched 
by our staff of 


ENGINEERS 


Pan Dryer cast in our 


FOUNDRY 


Weldment cover fabricated in our 


PLATE SHOP 


Machined in our 


MACHINE SHOP 


Tested by our 


X-RAY EQUIPMENT 


for complete facilities of 
Process Equipment Division of 


BETHLEHEM FOUNDR' 
«MACHINE 


For more information, circle No. 50 


Robert Silva will 

head asystems engi- 

neering group at 

the Foxboro Com- 

pany. Formerly as- 

sociated with the 

company’s Petrole- 

um, Chemical and 

> Power Division, 

Silva will be located at the Foxboro, 

Mass. main plant. The new group 

specializes in advanced application 

engineering phases of computer con- 
trol in the process industries. 


L. E. Swabb heads; petroleum proces- 
ses and applied mathematics. M. M. 
Lambert now heads the personnel and 
research effectiveness section, and W. 
J. Porter, Jr. is head of a chemicals 
section. 


Hung-Hsin Lo appointed manager of 
the pilot plant of the Reheis Com- 
pany, Berkeley Heights, N. J. Hung- 
Hsin was previously employed at Bab- 
cock & Wilcox, Chicago. 


Abbott Byfield named administrative 
assistant to chairman of the board of 
Kimberly-Clark. Byfield has been with 
the company since 1939, except for 
a five year stint with the government 
in the Office of Scientific Research 
and Development. He was director of 
new products in corporate product 
planning. 


MARKETING 


Rudy P. Lowe 
takes over as direc- 
tor of Industrial 
Systems Sales for 
B-I-F Industries. 
Lowe, who has 
been associated 
with the  Provi- 
dence, R. L. firm 
since 1932, continues as president of 
the Proportioneers Division of the 
Company. 


Jean F. Malone appointed sales devel- 
opment manager of plastic materials 
for B. F. Goodrich. A fourteen year 
veteran of the company, he will di- 
rect sales and technical activities con- 
nected with new plastic materials. 


NECROLOGY 

George R. Lyon, 58, manager of 
foreign synthetic rubber projects for 
Geolan Tire and Rubber. A gradu- 
ate of Ohio State, he served the com- 
pany for over 30 years in both re- 
search and production positions. 
Jesse H. Hubel, 70. Hubel was a mem- 
ber of the Development Department 
at Canadian Industries, Ltd. until his 
retirement in 1955. 
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one of a series presented by 
Western Supply Company, Tulsa, to 
improve the “1.Q."* of engineers .. . 
(*“Income Quotient”) 


Communicating your 
convictions gains better 
understanding, improved 
relations, greater results 
for engineers 


Breathes there a man with soul so 
dead, who never to his friend has said, 
“Don't those lamebrains in the 
Department every get ANYTHING right? 

.. I very carefully wrote EVERY- 
THING down, very logically and clearly 

. didn't leave a thing out 
they still don't get my point!" — 
words to that effect? 

The only qualification you need for 
having voiced these sentiments is that 
you occupy yourself daily with one or 
more people, because it is with people 
that communications break down — 
people on either end of the chain of 
communication, whether they be em- 
ployee or employer, buyer or seller, 
veteran or newcomer. (See Footnote) 

Whether it be an internal or external 
message, verbal or written, a telephone 
message or a memorandum, a formal 
report or a business letter, technical or 
elementary, a progress report or a 
comparative, scientific analysis, the 

round-rules are the same for success- 
ul communications 

Take our friend who is beset by 
“those lamebrains,"’ for instance. Can he 
be so positive that it was the other end 
of the chain that bogged down? Perhaps 
he was too complete in his instructions 
where simplicity would have sufficed 
Perhaps the receiver merely needed 
short, concise directions, not the logical, 
careful rationalization of the writer 
Perhaps his memorandum was clear to 
him, but maybe the “practical examples” 
he gave weren't so practical to the re- 
cipient because it was outside his frame 
of reference, background or experience 
Maybe a telephone call would have been 
a more efficient medium of exchange 
in this instance 

The basic problem, then, is one of 
needing to transmit our beliefs, deci- 
sions, conclusions from us to someone 
else, and to have that other person 
understand what we mean — quickly 
accurately, simply and — pleasantly 

Perhaps one of the cardinal rules for 
better communications, then, is better 
understanding: consideration for others, 
and a desire to understand another's 
viewpoint. Actually, this merely be- 
speaks the real origin of “fluid com- 
munications”: thought, for thought plays 
a vital role in what we feel, observe, 
write, say, or demonstrate; and these 
are the principal means of communica- 
tion available to everyone: thinking, 
feeling. observing, writing, saying, dem- 
onstrating. (See Footnote) 

Does this sound like a monumental, 
life-long task? It is, and it isn't. It 
is not monumental unless you make it 
so by resenting it, and it is life-long, 
because as you change. as others change. 
as business changes, so do communica- 
tion forms, vocabularies, meanings, 
frames of reference 

It is not sufficient in a competitive 
economy to have convictions it is 
necessary to sell your convictions to 
someone who can either do something 
with them, or authorize you to do so 
This. then is one of the chief values of 
communications; to help you accomplish 
your aims in engineering, in your pro- 
fessional life, more quickly, more pro- 
ductively. more successfully. Combined 
with your technical knowledge, your 
ability to perform and deliver, and your 
initative, communications can become 
the most valuable tool in your profes- 
sional “workshop. 

FOOTNOTE For more detailed infor- 
mation on this subject, write for “Fluid 
Fluent Communications,” to WESTER 
SUPPLY COMPANY, HEAT EXCHANG-~ 
ER DIVISION, P. 0. BOX 1888, TULSA, 
OKLA. — and if there's a heat exchang - 
er in your company's future, we 
appreciate a “line of communication” 
from you! 


For more information, circle No. 46 
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SAVE THOSE BACK ISSUES! 


Every so often an unprecedented 
demand for a particular issue, or an 
unexpected influx of new subscribers 
and members puts the editor in the 
embarrassing position of running out 
of copies of Chemical Engineering 
Progress. This has happened several 
times in our short history and if mem- 
bers have copies of any of the fol- 
lowing issues, we would be glad to 
purchase them. 


The issues which we need and for 
which we will pay 75 cents each are: 
January, April and December 1959. 


All these issues were overprinted to 
the usual extent, but because popular 
features spurred single copy sales, 
our reserves are exhausted. 


Help fellow members by sending 
your back numbers of the issues 
specified above to: 


Mrs. PLATTNER 


Chemical Engineering Progress 
25 West 45 St. 
New York 36, N. Y. 


local 
sections 


Computers, separation techniques, 
highlight New York one-day 


WHAT ROLE ARE COMPUTERS going to 
play in process control? This question, 
the subject of much controversy in 
engineering circles, was brought into 
sharp focus at the, All- Day Technical 
Symposium of the New York Section 
(Clem Labine) held in October. 

What's to be gained from computer 
control, the session chaired by L. E. 
Slater, Foundation for Instrumentation 
Education and Research, covered the 
subject from the very beginning: What 
is computer control?, H. R. Karp, Con- 
trol Engineering. It also presented 
three separate viewpoints: the compu- 
ter manufacturer's, M. Phister; the 
control engineer’s, C. D. Close, Com- 
pudyne Control; and the chemical en- 
gineer’s, R. Hall, Du Pont. (Hall’s 
paper appears on page 62). 

A panel made up of the speakers, 
discussed What's to be Done to Effect 
Computer Control. The problem of 
cost, said Phister, will be solved as 


new design techniques are developed 
and volume increases, bringing costs 
down, While some members expressed 
concern over obsolescence, particular- 
ly with costs so high, Hall said that 
the Univac makes money hand over 
fist for his company, and it was ob- 
solete when they got it! 

Running concurrently with the 
meeting on computers, was another 
session on new developments in sepa- 
ration techniques. Three papers were 
presented on processes, developments, 
and performance-cost evaluation of 
distillation trays. In another panel a 
group of industrial experts took up 
the problems that may arise between 
customer and contractor. 

General chairman of the symposium 
was H. I. Wolff. The panel on separa- 
tion techniques was headed by C. M. 
Thatcher, Pratt Institute. Moderator 
of the computer control panel was T. 
J. Williams, Monsanto. 


- accurate sizing with SIMON-CARTER machines 


PRECISION GRADERS SEPARATE 


MATERIAL BY THICKNESS 


CARTER GRADERS ALSO SIZE 
AND SEPARATE BY WIDTH 
For width sizing and separating, 
the Precision Graders use revolv- 
ing cylinders with round perfora- 
tions. Material placed in these 
cylinders is upended and presented 
to the round perforations in an 
endwise position. Narrow pieces 
pass through, and wider pieces 
pass over for discharge at the end 
of the cylinder. 


For sizing and separating free- 
flowing granular materials by 
thickness, Carter Precision 
Graders use revolving cylinders 
with slotted perforations. Material 
placed in these cylinders is 
upedged and presented to the 
slots in an edgewise position. The 
thinner pieces pass through, and 
the thicker pieces pass over and 
are conveyed to the end of the 
machine. 
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Sl MON -CA RTER GO. 697 19TH AVENUE N.E. MINNEAPOLIS 18, MINNESOTA 


CARTER SEPARATORS ASSURE 
POSITIVE LENGTH SEPARATION 


Carter Disc Separators contain a 
series of discs, each of which has 
hundreds of undercut pockets 
which select or reject materials 
according to length. As the discs 
revolve through a mixture of ma- 
terials, the pockets lift out shorter 
es es. Longer pieces, too long to 

held in the pockets as they rise, 
drop away from the discs. 


Write today for complete information and 
descriptive booklets on Simon-Carter 
machines. Free laboratory testing and 
demonstrating service. 


For more information. turn to Data Service card, circle No. 30 
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Obsolete? 


Is your technical knowledge obsolete? 
There is a good chance the answer 
is yes if you completed your formal 
schooling more than five years ago. 
This challenging statement was made 
by Gordon C. Williams, head of the 
Chemical Engineering Department, 
University of Louisville. Occasion was 
the Louisville Section (Joseph E. 
Mosel) November meeting. 
A committee of the 
Society of Engineering Education 
pointed out in 1952 that industry 
wanted more emphasis on theoretical 
training in undergraduate curriculums. 
As a result, colleges and universities 
are spending more time on the funda- 
mentals of physics, chemistry and 
mathematics. This trend is bringing 
other branches of engineering closer 
to chemical engineering. Concurrently, 
in our field the empirical approach to 
unit operations is disappearing. 


American 


A look at the undergraduate cur- 
riculum in a current university cata- 
logue, Williams suggested, would hold 
many surprises. He recommended 
night courses at the graduate level 
as one method of up-dating our engi- 
neering information. 


Who owns technical know-how? 
No person or industry can hold an 

exclusive over the thoughts 

and mental products of any person, 


Stanley Bilker told the yom oye 


Wilmington Section (D. B. Creath) in 
November. The Philadelphia patent 
specialist said, however, an employer 
does own that technical knowledge 
which an employee has conceived, 
produced, or obtained as part of his 
job. Technical know-how was defined 
as the knowledge contained in trade 
secrets, devices, patterns, secret proc- 
esses, patents, and copyrights which 
give an enterprise a competitive ad- 
vantage in our society. The employee 
is bound by implication or, as is gen- 
erally the case in industry today, by 
an expressed contract to keep in con- 
fidence these trade secrets. Even 
though the mental products of an in- 
dividual are his inalienable property, 
an employer may contract for the 
creativity of a person’s mind in a 
specific endeavour by giving the crea- 
tor a fair and acceptable compensa- 
tion. This trade knowledge contract 
includes all patentable and non-patent- 
able knowledge. Achievements not re- 
lated to and acquired outside of one’s 
field of employment are not covered 
by this technical know-how contract. 
Trade secret knowledge is usable if 
independently acquired but unusable 

continued on page 138 


For more information, turn to Dota Service card, circle No. 76 


KONTRO'S TAPERED Processor 


achieves unbelievable results! 


- 
~ 


Produces UNLIMITED CONCENTRATION + MAXIMUM 
HEAT TRANSFER and a HIGH QUALITY PRODUCT 


by KONTROLLING the Residence Time, Thin-Film, 
Turbulence and Feed Rate 


The exclusive tapered design of KONTRO’S processor allows adjustment of 
rotor blades within the processing cone. Especially heat-sensitive or com- 
plex low viscosity materials may be simply processed in centrifugally-wiped 
machines without danger of “burn-on”. A single rapid pass, completely 
automatic and continuous, produces a high quality product from either high 
or low viscosity material. Reverse Taper unit for low to medium viscosities. 
Forward Taper unit for high viscosities. 
Many diversified industries have found that KONTRO equipment gives 
outstanding performance in KONTROLLED processing, for exceptional as 
well as run-of-the-mill problems. Write for information on standard units, 
use of the pilot plant, or rental facilities. 

for CONCENTRATING . . DISTILLING . . EVAPORATING 

DESOLVENTIZING . . STRIPPING . . CHEMICAL REACTIONS 


The Patents Pending 


SAFETY 


in air and 
ammonia plants 


—may save a life! This publication 
contains articles which appeared in 
CHEMICAL ENGINEERING PROG- 
RESS— plus reports on A.LCh.E. 
Symposia held in 1956, 1957, 1958. 
84 pages, paper bound. Prices: 1-4 
copies: Members, $1.50; Nonmembers, 
$1.75; 5 or more copies, $1.25 each. 
Postage extra when payment does not 
accompany order. 


Company, Inc. 
PETERSHAM @© 
MASSACHUSETTS 


AMERICAN INSTITUTE OF 
CHEMICAL ENGINEERS 
25 West 45 Street, New York 36, N. Y. 


copies of Safety in 
Air and Ammonia Plants to 


PRINT NAME 


COMPANY 


STREET 


city 


Member 
Check enclosed [) 
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Highly Intimate Blends 
in 1 to 2 Minutes 


Blends while discharging; 
No segregation or flotation 


Sturtevant Rotary Blenders start 4-way 
blending while charging, continue it during 
discharge, thus producing highly intimate, 
even blends of dry and semi-dry materials 
— within 3 to 5 minutes of start of charging. 

Six complete blending cycles per hour 
are common. And Sturtevant’s special action 
produces no particle reduction, cleavage or 
altritional heat — is highly effective yet 
gentle and safe even with explosives. 


Receiving 


Scoops cascade material as 
drum rotates. Movement 
forces material from both 
ends to middie. Thus blend- 
ing is 4-way right from 
Start of charging. 
Discharging 

Single gate controls charge, 

discharge. Blending continues 

throughout discharge phase 

Result is no segregation or 

flotation — highly intimate, 

even blends. 


Self-cleaning, dust-sealed drum; 
one-man accessibility 
Operation of Sturtevant Blenders is self- 
cleaning — drum interiors are completely 
dust-sealed. For inspection of all models, 
one man simply loosens a few lugs to re- 
move manhole cover — quickly and easily. 


Nine standard models with 
capacities to 900 cu. ft. 
10 cu. ft, Sturtevant Blender 
at U.S. Steel Corp.'s new 
Applied Research Labora- 
tory (Raw Materials Divi- 
sion) in Monroeville, Pa. 
This unit handles batches 
up to 500 Ibs. — is ideal for 
pilot work and small runs. 


One of four 450 cu. ft. Sturtevant Blenders at 
Ceiriver Plant of Celanese Corp. (Rock Hill, 
N.\C.). These large units handle up to 20,000 Ibs. 
baiches — have a 9-year record of meeting the 
most cxacting blending requirements. 

Fully or semi-automatic, or 


manually controlled operation 


Constructed of carbon steel, stainless steel 
or Monel metal, Sturtevant Rotary Blenders 
are ¢ngineered to fit each customer's needs 
— can be supplied with injector sprays and 
any desired control system. 

For more on Sturtevant Blenders, request 
Bulletin No. O80B. (Bulletins also available 
on Mixers, Air Separators, Micronizers, 
Crushers and Grinders.) Write today. 
STURTEVANT MILL CO., 135 Clayton 
St., Boston, Mass. 


For more information, circle No. 58 
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if in violation of a trust between an 
employee and employer. 

In several cases, involving the mis- 
appropriation of a company’s technical 
know-how by former employees, the 
decisions upheld the employers non- 
disclosure rights where a breach of 
confidence had been made by the 
former employee. In one case, where 
this knowledge was independently ac- 
quired, the former employee retained 
his right to use this trade knowledge. 


News from California 

Developments in the rapidly expand- 
ing field of computer so mo ho were 
outlined by S. L. Jamison, to the 
Northern California Section (W. B. 
Hauserman) in October. Jamison, Uni- 
versity and Research Representative, 
IBM, described Stretch, the computer 
system developed through joint efforts 
of IBM and AEC, 

Goal of project Stretch was to de- 
velop a computer with a calculating 
speed nearly 100 times that of more 
conventional devices. In the Stretch 
computer, the arithmetic, logical mem- 
ory, and storage portions of the ma- 


¢ 


FOR BETTER FLOW CONTROL 
AND LONGER VALVE LIFE 


chine can operate independently of 
each other, and are a duplicated 
several times. Thus a number of opera- 
tions can be in process simultaneously. 
Also, the new computer requires fewer 
instructions to rform a particular 
task, automatically corrects any single 
errors, and has a magnetic disk storage 
unit that can read information at a 
rate of 2.5 million bits per second. 

Southern California departed from 
the chemical engineering theme, with 
Government monetary policy, and the 
Federal Reserve System the subject 
under discussion at the Section (R. D. 
Sheeline) meeting in October. David 
Snell, assistant professor of finance 
at the UCLA Graduate School of 
Business Administration, told the 
members that the Federal Reserve 
Bank does not have the power to regu- 
late consumer down payments as a 
control on credit, and is considerably 
worried over this. In 1955, it asked 
Congress to grant this control and was 
refused. This may be one reason, the 
Bank feels, that the 1957 recession 
was so serious. 


Tennessee Valley All-Day Meeting 
Various aspects of the chemical engi- 
continued on page 140 


ALL-JACKETED 


Gate Valves 


for hard-to-handle 
viscous materials 


Replaceable-in-line seats 
minimize shut-down time. 


Valves-in-line size 12” 
thru 4” are cast, size 6” 
and over are welded. 
Available in oll metals. 


@ H&B jacketed equipment is completely jacketed—a pipe within a pipe 
—a valve within a valve—a fitting within a fitting. The double wall pro- 
vides ample area for the heating or cooling medium to circulate. See our 
ad in Chemical Engineering or Refinery Catalog for further information 
on our complete line of jacketed processing equipment. Or write for 
Bulletin J-57. 


HETHERINGTON & BERNER INC., 701 Kentucky Ave., Indianapolis 7, Ind. 


For more information, turn to Data Service card, circle No. 59 
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Tanks a lot... 


TANKS? We fabricate all kinds, shapes and sizes. Want something Send today for your free copy of 

agitated? We make agitator tanks. Need something pressurized? We our new 16 page catalog — it's 

fabricate pressure tanks. Storage? We fabricate tanks for that, too. 

We make our tanks from your ideas — in stainless steel, monel, A 

nickel, inconel, aluminum or carbon steel. ; blueprints for prompt estimate. 
Tanks of every description . . . corrosion resistant, plain, pressure 

(code), jacketed, storage or agitator — it makes no difference to 

Littleford; each metal has been used since its inception in the fabri- 

cating of Tanks regardless of shape or size. Littleford Tanks are 


tailor made to your specifications. 
When you need tanks, bins, hoppers, or special trucks, remember 


Littleford has the experience and the equipment to produce the 
finest product available. Send your drawings or blueprints to us for Bros., inc. 


quotation or ask one of our Engineers to assist you in connection 
with your fabricating needs. 453 EAST PEARL STREET, CINCINNATI 2, OHIO 


free. Better still, send us your 


MIXERS 
mix fluids 


: To meet a wide variety of process 
quickly. - requirements, Eastern offers a com- 


or non-metallic... flat, curved... heavy duty, fixed mounted, propeller and 

turbine mixers. Each type is available with 

accurately in less than 3 seconds! chaise standard moter encle 
mountings, and materials of construction. 


Compact, complete in precision design, : ‘ 
this rugged instrument assures highest ratings 1/20 to 3H. P. are 


standards of speed, accuracy and dependability. 


Alnor Portable Pyrocons come in scale ranges 
to 2000° F., with thermocouples for every : ge 


Equipment...material...metallic | hi plete line from lightweight portables to 


application. You'll find full details on the 
Pyrocon exactly suited to your operations in Py 

y Bulletin 4257. Send for your copy now. - 
Write: Illinois Testing Laboratories, Inc., SIDE ENTERING § TOP ENTERING > 4 TURBINE MIXERS 
Room 573, 420 N. LaSalle St., Chicago 10, Ill. MIXERS MIXERS 


Handle the extra Designed for heavy- Range of % to 40 
heavy-duty jobs in big duty applications re- H. - solves many 

" ~ tanks. Sizes %& to 30 iring agitators from special mixing prob- 
H. P. Send for to 10 H.P. Send lems. Send for 
Bulletin 620. for Bulletin 620. Bulletin 1210. 


recon EASTERN INDUSTRIES, INC. 


Mixer Division, Dept. M, Norwalk, Connecticut 
For more information, turn to Data Service card, circle No. 42 For more information, turn to Data Service card, circle No. 7 
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Reprints Available: DIMENSIONLESS NUMBERS oe 


; ennessee Valley ion (Lindsay A. 
Members and Nonmembers Student Chapters and Colleges Allen, Jr.) Symposium in November. 
1-9 copies $.50 each 19 copies $.25 each The Second Annual All-Day Meeting 
10-99 copies 40 ” 10-99 copies .20 ” was highlighted by a discussion of 
100-999 copies .25 ” 100-999 copies .15 ” Statistical Techniques in Process Con- 


1000 copies 15” 1000 copies .13 ” trol, delivered by R. M. Milner, Chem- 
strand, and Some Elements in Solid 


3% Sales T: iv in N rk City. - , 
Add 3% Sales Tax for delivery in New Yo ; Propellant Technology, J. W. Parrott, 


Order from Publications Dept. Rohm & Haas. J. P. Coffin chaired the 


eight-paper meeting, held at Decatur, 


American Institute of Chemical Engineers cig Pap 
25 West 45 Street, New York 36, N. Y. Student chapters 


At the annual regional meeting of 
Student Chapters (R. H. Luebbers), 
held last fall at the University of 


Quality Processing Products 


STAINLESS STEEL 
TANKS 


for storage and mixing in 
all styles including verti- 
cal, horizontal and regu- . 
lor . . . open or closed J. J. Healy (center), A.I.Ch.E. vice 

. president, greets student prizewinners 


. in stock or to your 
specifications. FILPACC at Missouri meeting. 


TANKS mean higher 


Missouri, James E. Gagliardo, Uni- 


tion, more value. 
versity of Missouri, was awarded First 


ve Prize for his paper on Design of a 
FILTER MATERIALS ; Sodium Hypochlorite Plant. The all- 
ila day session was attended by students 
Filter paper quickest service, latest converting : from half a dozen area colleges. 
equipment, most complete range of filter poper , i 
grades. SAMPLES furnished for testing or send us Also meeting 
your materials for testing. Also available: filter i 
cloth, cotton, wool felt, glass, Orlon, Nylon, silk, 
Dacron, polyethylene, Filyon, Saran and others cut ; fi nalist, E Danforth, © dressed the 
and sewn to required shapes and sizes. Atlanta Section (Leonard M. Wylie) 
Woe in December. Danforth is a former 
sports editor of the Atlanta Journal . . . 
FILPACO PRODUCTS! The Atlanta Section heard John E. 
and Registration. Registration, he said, 
storage and mixing tanks. 
; which acknowledges the responsibility 
“ 9 Also, forward information on your com- f himself ietv... 
PLEASE’ plete line of filters and filtering materials. was 
iia Charles O. Brown’s subject at the 
$$ - - Maryland Section (Philip Messina) in 
December . . . A combined leadership 
of engineers and community officials 
Aboness is necessary to provide long range 
city . STATE planning necessary to attract new in- 
West Virginia Section (W. H. Hol- 
We manufacture a complete line of filters, filter materials, tanks, mixers and fillers. stein) a told in hd W. H 
Myers, executive manager of the Up- 
FILPACO INDUSTRIES per Ohio Valley Development Council 


was the speaker . . . A briefing on the 


THE FILTER PAPER COMPANY latest developments in fluid mixing 


2412 S. Michigan Avenue, Chicago 16, Illinois technology went to the East Tennessee 
continued on page 142 


FIRM 
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5 DAYS FREE EXAMINATION 


Tray Efficiencies in Distillation Columns — Final Report 
from University of Delaware and North Carolina State Col- 
lege. Research carried out under grants awarded by the 
Reseach Committee of the A.I.Ch.E. with funds from forty- 
one chemical and petroleum companies: 

Delaware Report, 120 pp., paper bound. Members $5.00, 
nonmembers $10.00. 

North Carolina Report, 28 pp., paper bound. Members 
$2.00, nonmembers $4.00. 


A.1.Ch.£E. MANUALS 


Bubble-Tray Design Manual — a concise, practical manual 
that enables the engineer to predict efficiencies for commer- 
cial bubble trays used in multi-component fractionation. It 
includes sample calculations made on plant-scale columns 
and contains calculation form sheets for the use of the 
reader. This manual was produced by the Distillation Sub- 
committee of the A.I.Ch.E. Research Committee as a culmi- 
nation of five years of research sponsored by the Institute 
and the chemical industry. 6 by 9 in., hard cover, $5.00 to 
A.1.Ch.E. members, $10.00 to nonmembers. 

Pump Manual — a comprehensive presentation of available 
data on chemical pumps, including classification of pumps, 
relationships among categories and types, nomenclature, in- 
stallation check lists, inquiry and record forms, guides to 
materials of construction, ASA mechanical standards, and 
the A.I.Ch.E. Performance Testing Procedure. 8% by 11 in., 
loose-leaf format, $10.00 to A.I.Ch.E. members, $20.00 to 
nonmembers. Published February, 1960. 


A.1.Ch.E. STANDARD TESTING PROCEDURES 


Directions for directing and interpreting tests of equip- 
ment for comparison with the manufacturer’s predicted per- 
fomance. 

1. Heat Exchangers—Sensible Shell and Tube, .. . 

2. Heat Exchangers—Condensers, $1 
3. Absorbers, 

. Impeller-Type Mixing Equipment, 

. Centrifugal Pumps (Newtonian Liquids), 


AMERICAN INSTITUTE OF CHEMICAL ENGINEERS 
25 West 45 Street 
New York 36, New York 


Please send these publications: 


TRAY EFFICIENCIES IN DISTILLATION COLUMNS 
Memb. Nonmember 
$ 5.00 

2.00 


University of Delaware Report 
N. C. State College Report 


A.1.Ch.E. MANUALS 
Bubble-Tray Design Manual 
Calculation Form Sheets 
Pump Manvol 


A.1.Ch.E. STANDARD TESTING PROCEDURES 
Heat Exchangers—Sensible Shell and Tube $ .25 
Heat Exchangers—Condensers, Absorbers 1.00 
Impeller-Type Mixing Equipment 1.50 
Centrifugal Pumps (Newtonian Liquids) 2.00 


PRINT Name 


Company 


Street 


City Zone State 


Member Nonmember 
] Check enclosed (add 3% sales tax for delivery in New York City) 


~) Bill me CEP 2-60 


CHEMICAL ENGINEERING PROGRESS, (Vo!. 56, No. 2) 


YOU. MISSED A SESSION 
AT SAN FRANCISCO ? 


Preprints Available 


TECHNICAL SESSION | 
C) Preprint | - Heat Transfer Characteristics of Porous Rocks. 

1. Effective Thermal Conductivities of Porous Media Con- 
taining Stationary Fluid 

Preprint 2 - A Theoretical Analysis of Heat Flow in Reverse 
Combustion 

Preprint 3 - Conduction-Convection in Underground Combus- 
tion 

Preprint 4 - A Method of Measuring Thermal Diffusivities at 
Elevated Temperatures 


TECHNICAL SESSION 6, PART I—JOINT A.I.Ch.E.-S.P.E. 

(1) Preprint 26 - Miscible Displacement—Flow Behavior and Phase 
Relationships for a Partially Depleted Reservoir 

[) Preprint 27 - Miscible Fluid Displacement—Prediction of Mis- 
cibility 

C) Preprint 28 -Phase Relations of Miscible Displacement in Oil 
Recovery 

C) Preprint 29 - Laboratory Studies of Microscopic Dispersion 
Phenomena in Porous Media 


TECHNICAL SESSION 7, PART | 
C) Preprint 30 - Determination of Dynamic Characteristics of Proc- 
esses in the Presence of Random Disturbances 
[} Preprint 31 - Frequency Response from Non-Sinusoidal Wave- 
forms 
C) Preprint 32 - Mathematical Analysis of the Behavior of Holdup 
in Transient Mass Transfer Operations 


TECHNICAL SESSION 10. PART II—JOINT A.I.Ch.E.-S.P.E. 

(1) Preprint 42 - Conditional Instability in Miscible Liquid-Liquid 
Displacement 

( Preprint 43 - Effect of Pore Structure and Molecular Diffusion 
on the Mixing of Miscible Liquids Flowing in Porous Media 

() Preprint 44 - Experiments on Mixing by Fluid Flow in Porous 
Media 

(Preprint 45- A Comparison of Propane and CO, Solvent Flood- 
ing Processes 

C) Preprint 46 - Miscible Displacement Studies Using Radial Cores 
Cores 


TECHNICAL SESSION 11, PART II 
[] Preprint 48 - The Dynamics of Stirred Tank Reactors 
[} Preprint 52 - Chemical Process Control in the Presence of Both 
Transport Lag and Sampled Data Control 


TECHNICAL SESSION 15, PART | 

Preprint 67 - Catalytic Cracking Feedstocks Derived from Mid- 
dle East Crudes 

Preprint 68 - Catalytic Cracking Charge Stocks Prepared from 
Residues by the Gulf HDS Process 

Preprint 70 - Characterization of Catalytic Cracking Stocks 

Preprint 71 - The Effect of Catalyst Metal Poisoning on Fluid 
Cracking Yields 

Preprint 72 - Processing of Feed Stocks for Catalytic Cracking 


TECHNICAL SESSION 19, PART II 

Preprint 90 - Propane Deasphalting for the Production of Cata- 
lytic Cracking Feed 

Preprint 91 - Effects of Feed Boiling Range in Fluid Catalytic 
Cracking 

Preprint 92 - Use of Furfural Refining to Improve Catalytic 
Cracking Feed Stocks 

Preprint 93 - Preparation of Feedstocks for Catalytic Cracking 

Preprint 94 - Solvent Extraction of Virgin Feedstocks 


Please send items indicated at 50¢ each. Enclosed is my check for 
$ (include 3% Sales Tax for delivery in New York City) made 
payable to A.1.Ch. E. Mail this Order blank to A. 1. Ch. E., 25 West 
45 Street, New York 36, New York. 
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Binks spray nozzles 


for washing, cooling, processing, 
humidifying, dehydrating, and 
hundreds of other applications. 


You'll get the right nozzles quicker by call- 
ing Binks... manufacturers of one of the 
most complete selections ever produced. 

There is a size and spray pattern for 
every purpose...with nozzles cast or ma- 
chined from standard or special corrosion- 
resistant metals and materials. 


MAIL COUPON 


NOW! Binks Manufacturing Company 
3114-32 Carroll Ave., Chicago 12, iil. 
O. K. Binks, send me your comprehen- 


sive Spray Nozzle Catalog without 
nr obligation. 


A COMPLETE LINE OF 
SPRAY NOZZLES 
AND COOLING TOWERS 


COMPANY_____ 
ADDRESS_ 


Finer and more intimate dispersion of solids 
can be achieved using an Entoleter” 
centrifugal impact mill. 

¢ Low cost — low power requirements 


¢ Minimum (controlled) temperature rise 


RECENT APPLICATION 


For the final dispersion of detergent, bleach, 
perfume and highly abrasive silica flour 

in a popular powdered household detergent, 
this 27’ model with abrasion resistant 
impactors does the job. 


Send for literature on Impact Milling, Particle Size 
Reduction and the new line of Vibrating Screens. 


For more information, turn to Data Service card, circle No. 3 
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Section (James E. Williams). J. Y. 
Oldshue was the speaker . . . The 
importance of patents, copyrights, and 
trademarks was the subject of G. W. 
Shaw’s talk to the Rochester Section 
(Robert L. Cramer) in December... 
Gas-cooled reactors have significant 
advantages over water cooled, Robert 
A. Charpie, assistant director, Oak 
Ridge Lab, told the Pittsburgh Section 
(G. J. Haddad) in December. Occa- 
sion was a joint session with the Amer- 
ican Nuclear Society . . . Donald L. 
Katz, aired his views on Advanced 
training in engineering at the New 
York Section in November. 


Xanthate production will begin in 
Mexico when a plant at Morelia goes 
on stream early this vear. The Stauf- 
fer affiliate, Industrias Quimicas de 
Mexico, S. A., will locate the project 
next to its main carbon disulphide 
production center. Output is designed 
to supply the Mexican mining indus- 
try need for xanthate floatation 
agents. 

All standard grades of sulfuric acid 
will be manufactured by Du Pont at 
its new unit, to be ready in about a 
vear at the Houston works. The multi- 
million dollar unit will supply acid 
for the company’s caprolactam plant 
now under construction at Beaumont. 
It will also provide an additional 
source of supply for the petroleum 
and chemical industry in the Gulf 
coast area. The new plant will have 
facilities for reclaiming acid used in 
the manufacture of high octane gaso- 
line, thus assisting the oil industry 
with this disposal problem. 

The new biological processing plant of 
Quimica Reheis do Brasil has gone on 
stream. The Reheis subsidiary will 
supplement a like operation in Uru- 
guay which provides liver fractions, 
bile salts and pancreatic substances 
that are phan refined in the com- 
pany’s Stamford, Connecticut, plant. 
It is expected to double company 
capacity to produce liver and pan- 
creatic extracts. 

A German company for the manufac- 
ture and sale of titanium dioxide pig- 
ments just formed by Du Pont and 
Sachtleben A. G. of Cologne, will be 
75 percent owned by the German 
firm. The company, Pigment-Chemie 
G.m.b.H., will supply titanium dioxide 
pigments primarily for the paint, 
paper, plastics, and rubber industries 
in Western Europe. Annual capacity is 
designed for 40 million seen 
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VITREOSIL 


PURE FUSED QUARTZ 
INDUSTRIAL WARE 


a 


EASILY MEETS CRITICAL 
PRODUCTION REQUIREMENTS 


e Absolute Chemical Purity 

e Extreme Heat Resistance 

e@ Thermal Shock Resistance 

e Chemical inertness 

e Outstanding Electrical Properties 

e Full Range Radiant Energy Transmission 


Many standard shapes and sizes . . . and 
we fabricate for special needs. See our ad 
in Chemical Engineering Catalog. 


Write for complete,illustrated catalog. 
THERMAL AMERICAN 


FUSED QUARTZ CO. 
18-20 Solem $t., Dover N J 


For more information, circle No. 31 


A.I.Ch.E 
Candidates 


MEMBERS 
Dickinson, Kenneth R., Sao Paulo, Brazil 


Genachte, Paul F., New York, N. Y. 


Martin, H. E.. New York, N. Y. 
Monti, Walter, Pana, IU. 


Rulis, Algird, Gary, Ind. 
Schmitz, Charles G., Baltimore, Md. 
Vierk, H, Stanton, Wichita. Kansas 


Webb, Joseph C., Jr., Dallas, Texas 
Wehnau, Raymond M., Rensselaer, N. Y 
Wright, J. O. B., Chattanooga, Tenn. 


ASSOCIATE MEMBERS 

Abens, Sandors G., Philadelphia, Pa. 
Alvelda, Phillip E.. New York, N. Y. 
Armbruster, Albert, Jr., Glenside, Pa. 


Baird, Richard K., Marshall, Texas 
Benson, Dale B., Richmond, Calif. 
Boynton, G. W., Ill, Houston, Tezas 
Brandenburg, W. C., Jr., St. Lowis, Mo. 
Brown, Jack C., Coahoma, Texas 


Cardinal, Anthony J., Wilmington, Del. 
“il, Richard R., Baton Rouge, La, 
Cook, R. W., Londonderry, N. Ireland 

Craig, Idell, Skiatook, Okla, 


Donovan, Leo F., IJr., Scotia, N. Y. 
Durand, James L., East Orange, N. J. 
Dvorak, Robert Frank, Monaca, Pa. 


Arthur L., Urbana, Ill. 
Elliott, Henry H., Manhattan Beach, Calif. 
Erickson, Richard L., St. Paul, Minn. 


Faulkner, C. R., Odessa, Texas 
Fillerup, C. R., Hollywood, Calif. 


Ghosh, Dipen, New York, N. Y. 
Gillman, J H., St. Paul, Minn. 


Haseltine, Hugh W., Jr., San Francisco, Calif. 
Hill, Harlyn L., Boulder, Colo 

Hummer, Charles W., Jr., Mishawaka, Ind. 
Hutson, Roy L., Chattanooga, Tenn. 


Jarrett, Robert E., Kenvil, N. J. 


Kavesh, Sheldon, Orange, N. J. 

Kilkson, Henn. Woodbury, N. J. 

Klingman, Gilbert E., Walnut Creek, Calif. 
Kretsch, Noah E., Jr., Scotch Plains, N. J. 
Kuo, Mau-Tong, New York, N. Y. 


Larkins, Robert P., Baytown, Texas 
Lewis, Jerry L., Ventura, Calif, 
Lilleleht, Lembit U., Champaign, JIL. 
Lyons, Robert B., Marion, Ill. 


Macy, Peter E., St, Louis, Mo. 
Matute-Lander, E., Valera, Venezuela 
McConnell, A. M., Jr., Baton Rouge, La. 
McDonald, Willie Hugh, Winfield, Ala. 
McDonough, John B., Callery, Pa. 
Mendoza, Mayo, Painesville, Ohio 

Meyer, Larry E., Cincinnati, Ohio 
Mhatre, M. V., Chicago, 

Mieskoski, Edmund A., Cleveland, Ohio 
Miller, Irving F., &. Hartford, Conn. 
Momoda, Kazue, North Chattanooga, Tenn. 


Nartker, Thomas A., College Station, Texas 
Oberlander, Richard K., Springfield, Mo. 


Palmer, David R., E. Rochester, N. Y. 
Phillips, Alan M., Kingston, Ont., Canada 
Pierce, W. S., El Dorado, Ark. 

Plymale, Charles E., Toledo, Ohio 
Proctor, John F., N. Augusta, S, C. 


Richardson, Robert E., Bloomfield, N. J. 
Rogers, Harold L., Borger, Texas 

Ross, Dennis M., Wallula, Wash. 
Rouse, Allen L., Coffeyville, Kansas 
Ruf, Jacob F., Marian, Kansas 


Schlechte, J. LeRoy, Texas C ye Texas 
Schroeder, Paul J., Trona, C 

Sekor, James G., Brigham City. "Utah 
Seewald, Milton, Jamaica, N. Y. 
Sepehri-Nik, H. K., Pasadena, Texas 
Sherman, Harry W., Wilmington, Del. 
Slentz, Charles J.. Wilmington, Del. 
Sobotik, Robert H., Texas City, Texas 
Springer, Carl E., Fort Worth, Texas 


Vairogs, Juris, Lincoln, Nebr. 
Vancil, Donald O., Longview, Wash. 
Vohra, S. P., Marshall, Texas 


Wallace, Charlies E., Boonville, Mo. 
Webster, James L., Stillwater, Okla. 
Wood, John Lee, Jr., Long Beach, Calif. 


Yaeger, Arthur G., Jr., New Orleans, La. 
AFFILIATES 

Mastroly, R. G., Muskogee, Okla. 
Papacharalambous, H. G., Niagara Falls, N. Y. 
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STAN DARDIZED 


_ HEAT EXCHANGER 


Manning & Lewis engi- 
neers have developed a wide 
range of standardized heat 
exchangers that fulfill 
nearly all normal require- 
ments. Selection and use of 
these standardized heat ex- 
changers will save engi- 
neers valuable time, assure 
an economical purchase 
price and expedite delivery 
time. Investigate these and 
other benefits of standard- 
ized equipment by MA&L, 
long a recognized name for 
quality. Write on your com- 
pany letterhead for bulletin. 


In addition, a new 
four-color bulletin 
describes and il- 
lustrates the com- 
plete M&L line. 
Specify Bulletin 
820 in your re- 
quest. 


MANNING & LEWIS 
Engineering Co. 


32 Ogden Street, Newark, N. J. 
For more information, circle No. 43 
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circle No. 14) 


For more information, 


PALMETTO, 
PACKINGS 


Combination 


| 
| 


COMPETITIVE 
PRICE 


Now— it costs you no more for 
Palmetto Packings than others 
of lesser quality. Get the per- 
fect combination of price and 
quality from your authorized 
Palmetto distributor. For the 
name of the supplier nearest you 
refer to our insert in Thomas’ 
Register-—'’ Packing Section"’. 


future 
meetings 


1960-—MEETINGS—A.1.Ch.E. 


@ Atlanta, Ga., Feb. 21-24, 1960. Hotel At- 
lanta Biltmore. A.1.Ch.E. National Meeting. 


@ Mexico City, Mex. June 19-22, 1960. Hotel 
Del Prado. Joint Meeting with Instituto 
Mexicano de Inginieros Quimicos — Tech. 
Prog. Chmn.: G. E. Montes, Northern Nat 
Gas Co., 2223 Dodge St.. Omaha 1, Nebr. 
Petroleum & Natural Gas Processing in Latin 
America—-F. W. Jessen, Petrol. Eng. Dept., U. 
of Texas Austin, Tex. & F. Corcuera, Ref. 
Madero, Tamps, Mex. Chem. Engineering in 
Latin America—G. Mayurnik, W. R. Grace, 3 
Hanover, Sq., New York 4, N. Y. & 8S. Vasan, 
Chem. Constr. Corp., 525 W. 43 St., New 
York 36, N. Y. Chemical Engineering Education 
in the Americas—W. R. Marshall. Jr.. Dean. 
U. of Wisconsin, Madison 6. Wisc. & F. G 
Roel, Inst. Tec. y de Estudios Sup. Sucursal 
de Corres J. Monterey, Nuevo Leon. Machine 
Computation-Optimization, Pitfalls, and Poten- 
tials—W. M. Carlson, Louviers Blidge., Dupont 
Wilmington 98, Del. Distillation Equipment 

R. Katzen, 3732 Dogwood Lane, Cincinnati, O. 
& F. Ocampo, PEMEX, Vallarta #7-4° Piso, 
Mex., D. FP. Minerals and Metais—-D. B. Cogh- 
lan, Foote Mineral Co., Box 576, Berwyn, Pa 
Transfer Processes in Two-Phase Systems— 
8. G. Bankoff, Ch.E. Dept., Northwestern U., 
Evanston, ll. & A. Hoyos, Xola #1253-2° 
Piso, Mex., D. FP. Construction and Operating 
Costs for Latin American Projects—R. Voor- 
hees, Union Carbide Dev. Co., 30 E. 42 St., 
N. Y. 17, N. ¥. & R. Pardo, Dir. Bufete Ind., 
Insurgentes sur 132-102, Mex., D. F. Labora- 
tory and Pilot Plant Techniques—J. T. Cum- 


J. McKetta, ChE. Dept., U. of Texas. 
Austin, Tex. 
@ Moscow, USSR. June, 1960, 1st Congress of 
International Fed. Automatic Control. To 
cover areas of Theory, Hardware & Applica- 
tions of Automatic Control, U. 8. participation 
sponsored by American Automatic Control 
Council, Affiliated societies: A.1.Ch.E., ASME, 
AIEE, IRE, ISA. AIChE. Chmn: D. M. 
Boyd, Universal Oil Prods., Des Plaines, Ill. 
For attendance & deadline info write: Secy.. 
W. E. Vannah “Control Engrg.”, 330 W. 
St., N. Y¥. 36, N. Y. 
@ Buffalo, N. Y., Aug. 14-17, 1960, Statler 
Hilton Hotel. 4th National Heat Transfer Con- 
ference & Exhibit. Sponsored by A.I.Ch.E. & 
ASME. A.JI.Ch.E. papers to S. W. Churchill, 
U. of Mich., Ann Arbor, Mich. ASME papers 
to J. P. Hartnett, U. of Minnesota, Minne- 
apolis, Minn. Exhibit info to P. A. Joculvar, 
A.LCh.E., 25 West 45 St.. N. Y¥. 36, N. ¥. 


@ Boston, Mass. Sept. 7-9, 1960. M.LT. Joint 
Automatic Control Conference. Sponsored by 
A.1.Ch.E., AIEE, IRE, ASME. For A.LCh.E. 
info refer to: W. H Abraham, Eng. Exp. Sta. 
Dupont, Wilmington, 98, Del. 


@ Tulsa, Okla., Sept. 25-28, 1960, Hotel Mayo. 
A.1.Ch.£. National Meeting. Tech. Prog. Chmn.: 
K. H. Hachmuth. Phillips Petroleum Co. 
Bartlesville, Okla. Multiphase Fiow in the 
Production & Drilling of Oil Wells—L. P. 
Whorton, Atlantic Refining, Box 2819, Dallas 
1, Texas. Natural Gas & Natural Gas Liquids 
—R. L. Huntington, U. of Oklahoma, Norman, 
Okla. Advances in Refinery Technolosy—W. C 


la Catolica #38, Mex., D. FP. Student Program 
—J. 


| ming, Fenn College, Cleveland 15, O. & Offutt, Gulf R&D Co., P. O. Drawer 2038, 


‘ Write us for descriptive literature. M. Puebla. Inst. Mex. de Invest. Tec., Calzada Pittsburgh 30, Pa. Petrochemicals—C. V. Fos- 

| Legaria #694, Mex., D. H. Cryogenic Engi- ter, Continental Oil Co., Ponca City, Okla 

GREENE. TWEED & CO. neering—P. Kurata, Ch.E. Dept., U. of Kansas, & H. L. Hays. Phillips Chem. Co., Bartlesville. 

’ ° Lawrence, Kan. Selected Papers—J. A. Sama- Okla. Piloting, or Why Buy the Restaurant 

NOR ALES niego, Shell Dev. Co., Emeryville 3, Calif When Ali You Need is a Meal—-R. E. Wels, 

TH Ww. PA. Financing International Projects—P F Phillips Pet. Co., Bartlesville, Okla. & D 

D Genachte, Chase-Manhattan Bank, New York Popovac, Continental Oil Co., Ponca City 
N. Y. & J. Horcasitas, Credito Bursatil, Isabel Okla. Corrosion & Materials of Construction— 


POSSIBLE ONLY 
with a 


SIGMAMOTOR 


MOVE CORROSIVE LIQUIDS} 


Material being pumped never comes in contact 
with pump mechanism. Wave-like motion of steel 
fingers forces material through Tygon tubing 
By changing size of tubing, capacity can be 
increased or decreased. Pump housing opens for 
removal and insertion of tubing. 


GAUGE GLASS 
CYLINDERS 


Need Gauge Glass or Cylinders in o hurry? 
Then write, wire or phone Swift for immedi- 
ate delivery. 

We have a complete stock of Pyrex Tubular 
Gauge Glass and Cylinders on hand for 
chemical, pharmaceutical or industrial ap- 
plications. Supplied in any length or finish 
from 2 mm. O.D. to 7” O.D. 


SWIFT Decision 


SWIFT LUBRICATOR COMPANY, INC 
8 Glass St., Elmira, N.Y. 


<> qPump 2 OR 3 
“DIFFERENT LIQUIDS 
SIMULTANEOUSLY 


Some models will accommodate up to four tubes 
so that four different liquids can be passed 
through the pump at one time without danger 
of contamination. 


FEED AND 


One or more tubes can be feeding material 
to a mix while a larger tube is recirculating 
the liquid to produce agitation and thorough 
mixing. Viscous materials con be pumped 
without danger of gumming or plugging. 
Remove tube and pump is clean. 


meter avvitives 


One or more additives can be pumped to a solvu- 
tion in the exact amount desired by selecting the 
correct size of tubing and regulating pump speed. 
Various controls con be incorporated to close 
valves ahead of pump. 


Capacities from 0.5 cc. per min. to 4.5 G.P.M. 
> Write for complete information on sizes and capacities. 


SIGMAMOTOR, INC. 


20 N. Main Street . Middleport, N. Y. 


For more information, turn to Data Service card, circle No. 4 
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W. A. Luce, The Duriron Co., P.O. Box 1019, 
Dayton 1, O., & M. 8S. Whoriley, Black, Sivalls 
& Bryson, P.O. Box 1714, Oklahoma City, 
Okla. Statistics and Numerical Methods Ap- 
plied to Engineering—R. L. Heiny, 2709 Jef- 
ferson, Midland, Mich. Air & Ammonia Plant 
Safety—G. Weigers, Amer. Cyanamid Co., 
Rockefeller Plaza, New York, N. ¥. Refinery 
& Natural Gasoline Piant Safety—J. N. Ro- 
mine, Phillips Petrol., Bartlesville, Okla. Proc- 
essing AGricutural Products—A. Rose, Tex. 
Eng. Exp. Sta. Tex. A&M Coll. Sta., 

Ch al React induced or 
Radiation—J. J. Martin, Ch.E. 

Mich, Ann Arbor, Mich. Conservation & 
Utilization of Water—F. J. Lockhart, Ch.E. 
Dept., U. of So. Cal., 3551 University Ave., 
Los Angeles 7, Cal. Foams—C. 8S. Grove, Jr., 
Syracuse U., Syracuse 10, N. Y. & R. L. Tuve, 
U.S. Naval Resch. Lab., Wash. 25, D.C. Com- 
puters as a Management Tooi—R. Cziner, 
Grace Chem. Co., 3 Hanover Square, New 
York 4, N. Non-Newtonian Fluid Mechanics 
—A. B. Metzner, U. of Delaware, Newark, Del. 
Student Program. Seiected Papers—R. H. 
A ng Ch.E. Dept., U of Oklahoma, Norman, 


a. 
Deadline for papers: May 2, 1960. 


@ Washington, D.C., Dec. 4-7, 1960. Statler 
Hotel. A.I.Ch.€. Annual Meeting. Tech. Prog. 
Chmn.: D. O. Myatt, Science Communication, 
Inc., 1079 Wisconsin Ave., N.W., Wash. 7, D.C. 
Air Polijution—A. J. Teller, U. of Florida, 
Gainesville, Fla. Unsteady—State Instrumen- 
tation—T. J. Williams, Monsanto, Chem. Co., 
St. Louis, Mo. Fluid Dynamics—A. C. Acrivos, 
U. of California, Berkeley, Calif. information 
& Communications—-D. E. Gray, NSF, Wash. 
D.C. Nuclear Reactor Operations—R. L. Cum- 
mings, Atomics International, Canoga Park, 
Calif. Nuclear Chemical Plant Safety—C. E. 
Dryden, Ohio State U., Columbus, O. Phase 
Transitions—G. Bankoff, Northwestern U., 
Evanston, Ill. Selling Abroad—J. Costigan, 
The Sharples Corp., 501 Fifth Ave., New York 
17, N. ¥. Chemical Engineering—A Vital Link 
in Broadening the Uses of Agricultural Crops 
—J. E. Simpson, U.S.D.A., Wash., D.C. Chem- 
ical Warfare—Controlied Production of Aero- 
sois—L. E. Garono, Army Chem. Corps. Role 
of the Chemical Engineer in Environmental 
Health Engineering——-W. L. Faith, Air Pollu- 
tion Poundation,2556 Mission St., San Marino, 
Calif. Servicing the Foot Soldier: 1. Feeding 2. 
Clothing 3. Protection—-Leo Sano, Quartermas- 
ter R&Eng, Command, Natick, Mass. Pheno- 
mena Affecting Materials in Extreme Environ- 


ments, J. Hearne, Air Force R&Eng, Effects of 
Government Programs on Chemical Engineering 
Education—No Chmn. Appointed. Chemical 
Engineering of Solid Propellant Production—— 
No Chmn. Appointed. Pilot Pilants—No Chmn. 
Appointed. Direction of Large Technical Pro- 
grams—No Chmn. Appointed. 

Deadline for papers: July 5, 1960: 


1960—MEETINGS— 
NON-A.1.Ch.E. 


@ Toronto, Canada, Feb. 18, 1960. Montreal, 
Canada, Feb. 19, 1960. The Chemical Institute 
of Canada. Protective Coatings Division Con- 
ference. 


@ Chicago, Til. Mar. 29-31, 1960. Hotel Sher- 
man. 22nd Annual American Power Confer- 
ence. Sponsored by Illinois Institute of Tech- 
nology, many colleges, universities, and pro- 
fessional] societies. 


1961—MEETINGS—A.1|.Ch.E. 


@ New Orleans, La. Feb. 26-Mar. 1, 1961. 
Hotel Roosevelt. A.I.Ch.€. National Meeting. 
Tech. Prog. Chmn.: H. L. Malakoff, Petroleum 
Chem. P.O. Box 6, New Orleans 6, La. Kinetics 
of Catalytic Reaction; Brainstorming Techni- 
cal Problems; Petrochemicals—Future of the 
industry on Gulf Coast; Centrifugation; Fu- 
ture Pr i Technol in the Petroleum 
industry; Education and Professionalism: 
Mathmatics in Chemical Engineering; Evalu- 
ation of R&D Projects; Liquid—tLiquid Extrac. 
tions; New Processes in the Area; Water from 
Sea Water; Materials of Construction; Flow 
Through Porous Media. 

Deadline for papers: Sept. 5, 1960. 


@ Cleveland, O., May 7-10, 1961. Sheraton- 
Cleveland. A.1.Ch.€. National Meeting. Tech 
Prog. Chmn.: R. P. Dinsmore, Goodyear Tire 
& Rubber Co. Akron 10, O. Management 
Criteria for Capital investment; Technical 
Phases of the Synthesis of Isop ene; Process 
Development of the New Synthetic Rubbers; 
Use of Radioactive Materials for Chemical 
Process Control; Modernized Processes for 
Heavy Chemical Manufacture; Optimum Utili- 
zation of Pilot Piant Facilities; Petrochemicals 
as The Starting Materials for High Polymers; 


continued on page 147 


This Self-Contained 
Fluid Cooling System 


gives most 


accurate temperature 
control 


Applied in cooling industrial machines 
Of processes to temperatures approach- 
ing the ambient wet-bulb, the NIAGARA 
Aero HEAT EXCHANGER is independ- 
ent of any more than a nominal water 
supply or disposal. The coolant system is 
a closed one, free from dirt and mainte- 
nance troubles. 

Heat is removed from your process at 
the rate of input, giving you precisely the 
temperature you require and assuring the 
quality of your product. Heat may be 
added to prevent freezing in winter or 


for better control in a warm-up period. 
Liquids or gases are cooled with equal 
effectiveness. 

Heat is rejected outdoors. Only the 
little water evaporated on the cooling 
coils in the air stream, or discharged to 
prevent hardness build-up, is consumed. 

Niagara sectional construction saves 
you much installation and upkeep ex- 
pense, gives full access to all interior parts 
and piping. Your equipment always 
gives you full capacity and “new plant” 
efficiency. 


Write for Niagara Bulletin No. 132 for complete information 


NIAGARA BLOWER COMPANY 
Dept. EP-2 , 405 Lexington Ave., New York 17,N.Y. 
District Engineers in Principal Cities of U. $. and Canada 
For more information, turn to Dota Service card, circle No. 14 
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ONE SOURCE 

FOR ALL YOUR 

CONDUCTIVITY 
CELLS 


BODY MATERIAL 


Choose from the widest range of body 
materials...polystyrene, lucite, epoxy, 
nylon, polyethylene, bakelite, hard-rub- 
ber, Teflon, Kel-F, stainiess-stee!, Mo- 
nel, nickel and glass to meet every 
requirement for temperature, pressure 
and corrosion resistance. 


i 


PHYSICAL RANGE 


Select the cell specifically designed to 
meet your application requirements... 
no need to settle for a universal com- 
promise. Industrial Instruments manu- 
factures conductivity cells for opera- 
tion under pressures up to 7000 PSI. 


CONDUCTIVITY RANGE 


The most comprehensive line of cell 
ranges and constants available any- 
where for every application from 
measurement of ultra-pure water to 
concentrated solutions of highly corro- 
sive acids, alkalis and salts. 


ELECTRODE MATERIALS 


Nickel, platinum, graphite, gold or tin 
...8ach one tailored to perform a spe- 
cific job properly. Submit your par- 
ticular requirements to us. Over twenty 
years experience in the electrolytic 
conductivity field. 


Write on your letterhead for our new 
Conductivity Catalog. 


Industrial 


Industrial 


Insiuments Angtraments 


89 Commerce Road, Cedar Grove, Essex County & J 


For more information, circle No. 35 
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1960 NUCLEAR 


CONGRESS 
APRIL 
_NEW YORK CITY 


programs directed to 
level, including forty-seven sessions on all 
phases of the peaceful use of atomic energy... 
plus an atomic exposition that will feature the 
products and services of one hundred and thirty-_, 
five major in the nuclear 


PLAN NOW TO ATTEND! |) 1960 NUCLEAR CONGRESS 
|) ENGINEERS JOINT COUNCIL, INC. 


| 29 West 39th Street - New York 18, New York 


EY Please send me an advance copy of the program for the 1960 


starts April 4. Mean while, f ' j Nuclear Congress, to be held April 4-7 in New York Coliseum. 


Registration at the Coliseum 


get the facts. For your advance 


copy of the full program, mail ‘ Address 


this convenient coupon) 
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future meetings 
from page 45 


Chemical Engineering and Metal Refining; 

Fluid Mechanics; Applications of Photography 

in Chemical Engineering. 

Deadline for papers: Dec. 7. 1960. 
24-27, 1961. 


* Lake Placid, N. Y., Sept Lake 
Placid Club. A.1.Ch.€. National Meeting. Tech. 
Prog. Chmn.: E. R. Smoley, 30 School Lane, 
Scarsdale. N. Y. Process Management; Com- 
mercial Chemical Development; Sales Engi- 
neering. 


e New York, N. Y., Dec. 3-6, 1961. Hotel 
New Yorker. A.1.Ch.€. Annual Meeting. Tech. 
Prog. Chmn.: A. V. Caselli, Shell Chem Corp., 
50 W. 50 St.. N. ¥. 20, N. ¥. Heat Transfer; 
Management; New Processes; Nuclear En- 
gineering; Water Pollution; Process Dynamics; 
Pilct Plants; Fundamentals; Petroleum & 
Petrochemicals; Fluids; Fluidizat Subli 
tion; Adsorption; Student Program. 


1962—-MEETINGS—A.I.Ch.E. 


* Los Angeles, Calif., Feb. 4-7. 1962. Hotel 
Statler. A.1.Ch.€. National Meeting. Tech. 
Prog. Chmn.: G. C. Szego. Space Technology 
Labs, Inc.. P.O. Box 95,001, Los Angeles 45, 
Calif 


Baltimore. Md 
Baltimore Hotel 
Tech. Prog. Chmn.: G 
Washington Research 
Clarkesville, Md 


May 20-23. 1962. Lord 
A.1.Ch.E. National Meeting. 
L. Bridger, R&D Div., 
Center, W. R. Grace, 


Unscheduled Symposia 


Correspondence on proposed papers is invited. 
Address communications to the Program 
Chairman listed with each symposium below. 


in Optimum Design of Process 
Chen-Jung Huang. Dept. of Chem 
of Houston, Cullen Bivd., Houston 


Cemputers 
Equipment 
Eng., Univ 
4, Texas 


Solar Enersy rch—J. A. Duffie, Director 
of Solar Energy Laboratory, Univ. of Wis- 
consin, Madison, Wis. 


Hydrometaliurgy—Chemistry of Solvent Ex- 
traction: G. H. Beyer, Dept. of Chem. Eng., 
Univ. Mo., Columbus, Mo 


Process Dynamics as They Affect Automatic 
Controi——-D. M. Boyd, Universal Oil Prods., 
Des Plaines, Ill 


Orying—-R. E. Peck, Il. 
So. Federal, Chicago, Il. 


Inst. of Tech., 330 


Latest step in Wyandotte Chemicals 
effort to build sales in foreign develop- 
ment and manufacturing opportunities 
in industrial chemicals, is the charter- 
ing of a Panamanian subsidiary. Wy- 
andotte Chemicals Internationals, Inc. 
has its foreign office in Windsor, 
Ontario. 
A high purity liquid oxygen plant just 
laced on stream by National Cylinder 
Gas Division of Chemetron, also 
produces liquid nitrogen and argon. 
The Dallas, Texas, installation will 
distribute to petroleum, metals, power, 
and electronics companies, is designed 
for quick expansion of capacity. 
Annual production of butyl rubber 
will increase by 38,000 long tons at 
Enjay, when current expansion at Esso 
Standard Oil's Baton Rouge refinery 
is complete. Schedule is 20,000 long 
tons to be available in mid-1960, the 
balance in second quarter of 1961. 


NAGLE PUMP 
handles molten sulfur 
 @fficiently and 
economically 


This Nagle 1%” type YWS-CS centrifugal 


ump, one of several built for DuPont, 

andles molten unfiltered sulfur. Discharge 

line is steam jacketed. There is no stuffing box. 
Bearing in contact with the hot material is sup- 
ported in a split yoke which can be removed 
and replaced without major shop disassembly. 
Impeller and casing are of special alloy to 
resist heat, and abrasion. Built to do a specific job 
for a long period of time. Pump is shown before 


installation of motor. 


There are many types of Nagle Pumps — both 
horizontal and vertical shaft units— every one 
designed and constructed for use where 
ordinary pumps give trouble. 
If yours is a tough application 
you're doubtless more than 
paying (in service and replace- 
ment parts) for a Nagle Pump 
—so why not have it? Send 


Tough jobs call for 


for literature. 


Nagle Pumps, Inc., 
1255 Center Ave., 
Chicago Heights, III. 


FOR ABUSIVE 
APPLICATIONS 
EXCLUSIVELY 


For more information, turn to Data Service card, circle No. 44 
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THE 
ADDED 
FEATURES 


The Sperry Filter Press has its obvi- 
ous merits. In design, capacity and 
operating requirements—it’s custom- 
engineered perfect! In construction, 
it’s built solid—to last! In cost, it’s 
thrifty to own and maintain. 


But the Sperry Filter Press also has 
other qualities which manifest them- 
selves only after continual usage.When 
filtration requirements resulting from 
increased production, new products, 
varying batch size, cake washing and 
others arise, your SPERRY FILTER 
PRESS can usually be changed with 
a minimum of expense and down time 
to meet your requirements. With labor 
saving SPERRY CLOSING DEVICES 
and PLATE SHIFTERS complete con- 
trol is reduced to a one-man operation. 


Get the full Sperry story without 
cost or obligation. See your Sperry 
field man or mail coupon for free 
Sperry catalog. 


D. R. SPERRY & COMPANY 


Batavia, Iilinois 
Sales Representatives 
George S. Tarbox B. M. Pilhashy 


B08 Nepperhon Ave 633 Merchants Ex. Bidg 
Yonkers, N.Y Sen Francisco, Cal 


Alidredge & McCabe 
847 E. 17th Ave 
Denver, Colorado 


1217 Main Ave. Cleveland, Ohie 


Texas Chemical Eng. Co. 
4101 Sen Jecinto 
Houston, Texos 


The Gilbert Tramer Co. 


D. R. SPERRY & CO. Dept. CEP-2 
Batovia, Illinois 

Send Free Sperry Catalog 

(CD Hove your Representative Contact us 


Address 


City 


For more information, circle No. 55 
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CHEMICAL 
ENGINEERS 


UNUSUAL opportunities at all 
levels of training, B.S., M.S., 
PhD.; and experience levels u 
to 10 yrs. ' 


ENGINEERING 
RESEARCH 


PROCESS DEVELOPMENT, all 
phases research laboratory to 
production stage, as associate 
development engineer, develop- 
ment engineer, senior develop- 
ment engineer 


EXCELLENT facilities, new or- 
ganic process pilot plant, latest 
equipment, all unit operations 
included 


GROUND-FLOOR opportunity 
in expansion program which has 
tripled research effort since 
1956, just coming into develop- 
ment phase, good potentials for 
advancement to senior engineer- 
ing, group leader, administra- 
tive and management positions 


GROWTH COMPANY, one of 


America’s major industries, mid- 
way on Fortune’s list of the top 
500, processor of corn, soybean 
and chemical products, moving 
into non-grain developments, 
synthetic and natural-synthetic 


polymers 
Please Send Resume To 


PERSONNEL DIVISION 


A. E. STALEY 


MANUFACTURING CO. 


DECATUR, ILLINOIS 


CLASSIFIED SECTION 


Address Replies to Box Number care of: 
CHEMICAL ENGINEERING PROGRESS 
25 West 45th Street 
New York 36, New York 


SITUATIONS OPEN 


o the student chemist or 
chemical engineer who 


thinks for himself 


Thinking of yourself in terms of five—ten—fifteen years from now? Then, you will choose 
a growth company; one that is large in terms of providing the advantages of financial 
strength, and at the same time is smal! enough to allow personal recognition. Marbon Chem- 
ical, Division of Borg-Warner, provides a dynamic growth organization for the young man 
who looks to the future. Career opportunities exist in research, product development, tech- 
nical sales service, and field selling, production, and plant engineering. All graduates will 
start out in our Research and Development laboratories. Products are raw materials for the 
plastics, rubber, and paint industries. Facilities include new plant, laboratories, and offices. 
Location in progressive Ohio River Valley near Parkersburg, city of 60,000. For further 


information write to: 


MARBON 


N. H. Perersen, Resident Personnel Manager 


CHEMICAL 


DIVISION OF BORG-WARNER CORP. 
P. 0. BOX 68, WASHINGTON, W. VA. 


MMMM 


CHEMICAL ENGINEERS 


Prefer recent graduates, no 
experience, with above av- 
erage grades, interested in 
Research and Development. 
Assignments will be varied 
and cover many of the 
phases cf Chemical Engi- 
neering with particular em- 
phasis on process develop- 
ment and product control. 
Permanent location in 
Houston, Texas with mini- 
mum of travel. 


Formal training and indoc- 
trination program covering 
all phases of company ac- 
tivity. Advancement based 
on merit. Liberal fringe 
benefits include hospitaliza- 
tion, life insurance, retire- 
ment, and profit sharing. 
Forward resumes to: 


Personnel Manager 
BAROID DIVISION 


NATIONAL LEAD COMPANY 
Box 1675 
Houston, Texas 
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SITUATIONS WANTED 
A.1.Ch.£. Members 


FOOD PROCESS DOEVELOPMENT—M.S.ChE. 
Nine years’ supervision of pilot plant, scale- 
up, start-up, and process improvements. Also 
two years’ economic evaluation of organic 
chemical products and processes. Food manu- 
facturing background. Prefer eastern loca- 
tion, $10,000. Box 6-2. 


CHEMICAL ENGINEER RESIDENT IN RIO, 


BRAZIL—Brazilian born, age 36. M.Sc. 
(U. S. A.). D.Sc. (Brazil), industrial con- 
sultant, professor of chemical engineering, 
ten years’ diversified activities including 
business experience. Desire responsible posi- 
tion with design. engineering or chemica! 
equipment firm. Box 7-2. 


CHEMICAL ENGINEER—B.Sc.ChE. 1942 


Seventeen years’ experience, process. job and 
sales engineer for petroleum refineries and 
petrochemical plants. Perfect German, some 
Dutch and Russian. Now senior project engi- 
neer in Germany. Desire senior position 
overseas with engineering or oil company 
Box 8-2. 


CH ™MICAL ENGINEERING EXECUTIVE— 


Former plant engineer, director of engineer- 
ing. Staff positions to top management 
Versatile, broad background. Strong in 
Economics, Human Relations M.S.Ch.E. 
Eighteen years’ experience. Now in east. 
Present salary $13,500. Box 9-2 


DEVELOPMENT ENGINEER—B.S.ChE., thir- 


teen years’ diversified experience including 
R&D, pilot plant operation, technical support 
to production and production supervisory ex- 
perience in inorganics. Desire responsible 
position with growth potential. South pre- 
ferred. Age 37. Family. Box 10-2. 


CHEMICAL ENGINEER—B.S.Ch.E., 1957. Age 


28, married, draft exempt. Desire project. 
development or production engineering posi- 
tion. Experienced as crystallizer and evapo- 
rator pilot plant supervisor and plant tech- 
nical service engineer. Any location except 
East and South East. Box 11-2 
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RESPONSIBLE 
SUPERVISORY 
POSITION 


Tired of routine work? A challenging posi- 
tion for the capable, imaginative Process 
Engineer who wants tangible results. 


Minimum 2 years as supervisor of graduate 
engineers in process development. Prefer 
M.S.Ch.E. and pilot plant experience. Com- 
parable experience will be acceptable. 


Outstanding, rapid-growing company in 
field of solid propellants 


Send resume to: 


Personnel Department 
Thiokol Chemical Corporation 
Marshall, Texas 


CHEMICAL ENGINEER 


Graduate Chemical Engineer 
with from two to four years pe- 
troleum refining experience in 
process design or operations. 
Duties will be closely integrated 
with operation of a modern, in- 
dependent refinery which in- 
cludes crude distillation, cata- 
lytic cracking, polymerization, 
coking, hydro-desulfurization, 
catalytic reforming, alkylation, 
and utilities. 

Send complete resume of educa- 
tion and experience, including 
salary requirements. All replies 
confidential. 


GREAT NORTHERN 
OIL COMPANY 


P. O. BOX 3596 
ST. PAUL 1, MINNESOTA 
ATTN: C. L. Dretzke 


SITUATIONS WANTED 
A.I.Ch.E. Members 


CHEMICAL ENGINEER—Five years’ experi- 
ence in Development and Production. One 
year teaching experience. Presently complet- 
ing M. 8S. requirements. Single, age 
— responsible position overseas. Box 


CHEMICAL ENGINEER—PE. BS. 1948. 
Eleven years’ experience in design, construc- 
tion, operation and sales in the process 
industries. Desire agency or representative 
status with process equipment manufacturer 
requiring technical sales and service. Gulf 
Coast or California preferred. Resume avail- 
able. Box 13-2 


CHEMICAL ENGINEER—BS.ChE. Fourteen 
years’ experience process design and de- 
velopment, production and liaison engineer- 
ing in the chemical and pharmaceutical 
industry. Seek challenging position in process 
engineering or plant engineering with chem- 
ical manufacturer. Box 14-2. 


CHEMICAL ENGINEER—B.ChE. 1951, P.E.. 
age 32; four and one half years’ plant engi- 
neering in heavy inorganic chemicals, four 
years’ project engineering in high pressure 
urea plants. Desire challenging position 
utilizing experience or allied processes. Box 
16-2 


CHEMICAL ENGINEERING UNIVERSITY 
PROFESSOR—ten years’ of university 
research, teaching, and administration. 
Honors, publications. Seek new challenging 
twelve month university position. Available: 
Summer—1960. Box 17-2. 


(continued on page 150) 


An Invitation To Join 
ORO...Pioneer In 
Operations Research 


Operations Research is a young science, earning recog- 
nition rapidly as a significant aid to decision-making. It 
employs the services of mathematicians, physicists, 
economists, engineers, political scientists, psycholo- 
gists, and others working on teams to synthesize all 
phases of a problem. 


At ORO, a civilian and non-governmental organiza- 
tion, you will become one of a team assigned to vital 
military problems in the area of tactics, strategy, 
logistics, weapons systems analysis and communications. 


No other Operations Research organization has the 
broad experience of ORO. Founded in 1948 by Dr. 
Ellis A. Johnson, pioneer of U. S. Opsearch, ORO’s 
research findings have influenced decision-making on 
the highest military levels. 


ORO’s professional atmosphere encourages those 
with initiative and imagination to broaden their scientific 
capabilities. For example, staff members are taught to 
“program” their own material for the Univac computer 
so that they can use its services at any time they so 
desire. 

ORO starting salaries are competitive with those of 
industry and other private research organizations. Pro- 
motions are based solely on merit. The “fringe’’ benefits 
offered are ahead of those given by many companies. 


The cultural and historical features which attract 
visitors to Washington, D. C. are but a short drive from 
the pleasant Bethesda suburb in which ORO is lo- 
cated. Attractive homes and apartments are within 
walking distance and readily available in all price 
ranges. Schools are excellent. 


For further information write: 
Professional Appointments 


OPERATIONS RESEARCH OFFICE 


[ORO| The Johns Hopkins University 


6935 ARLINGTON ROAD 
BETHESDA 14, MARYLAND 
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CHEMICAL ENGINEERS 

MECHANICAL ENGINEERS MARKETING 
CHEMISTS EXECUTIVE FOR A 


M AJ OR C0 M ANY 


We have a number of unusually attractive opportu- 
nities in both the production and the research and LPG or PETROCHEMICAL 
development fields for technical men of proven ability. 
PROCESS DEVELOPMENT To function at management level 
These positions are in the fields of intermediates, ny- in establishing new, sizable LPG 


lon fibers and plastics. Complete pilot plant facilities 
are available, and the work offers real challenge and 
opportunity for personal growth. 


organization. Age to 45. Position 
requires considerable experience 


‘e would prefer men with advanced degrees in in marketing, including short- 
Chemistry, Chemical Engineering or Mechanical En- and long-term wholesale contract a 


There are also several openings for men in the re- 
search and analytical fields. 
PRODUCTION ENGINEERING 
These positions are in a continuous process chemical 
plant or a yarn spinning plant. 


Must have experience in assess- 
ing market potentials and some 
experience in storage and trans- 
portation. Retail experience 


We are seeking men with technical degrees and sev- desirable. Salary commensurate 
eral years experience in Production Engineering. with ability and experience. Send 

Since the men selected will have oppo ities “ity . 
- pportunities for resume including background, 


growth into supervisory positions, we are interested in wr : 
training and experience. All re- 


candidates who have both a capacity for and interest 


in supervision, plies will be held in strictest 
There are also openings in the production depart- confidence. 
ment for INSTRUMENT ENGINEERS, MAINTEN- Box 40-2 


ANCE ENGINEERS and INDUSTRIAL ENGINNERS. 
Excellent Salary and 
Liberal Benefit Arrangements 
Apply in confidence to: 


Ph.D or M.S. chemistry or metallurgy to 
train for research director. Small, excellent 


W. M. JOLLY, Supervisor of Personnel group. New 
st d t i product development an 
NATIONAL ANILINE DIVISION sales service. Midwest location. Please send 


details education and experience. Box 3-2. 


P. O. Box 831, HOPEWELL, VA. 


SITUATIONS WANTED 
PROJECT A.I.Ch.E. Members 


E N G | N E E R (continued from page 149) 


CHEMICAL ENGINEER 


Young man to work with 


Employment in 


belt research and develop- TECHNICAL WRITER—B.Ch.E., 1952. Desire 

4 ’ technical and meral writ ign- 

ment. World’s largest V-Belt SAN FRANCISCO, ments. Oklahoma ‘City-Tulsa ares. Three 

facturing plant in Spring- Position exists for experi- | | with 

field, Missouri. Outstanding enced project engineer capa- ose, process development, plist plant. 

ss . plant engineering production and process 
training program in Day- ble of assuming su ervisory design experience. Project management ‘ 

I Plastics, polymers, coatings, organic chemi- 

ton, Ohio. Exceptional ad- responsibility on design of cals. Desire position where capability and 

sas alg versatility count. N. Y. City. $10,000 mini- 

vancement opportunities. major processing units. 

Com an ai e = 8.S.Ch.E.—completed graduate studies. Tau 
ll os md : d ben fits. Ex Beta Pi, age 38, family, veteran. Nine years’ ‘ 

celien experience production, R&D, process evalua- 

alary Liberal relocation allowance tion and control, process improvement. 

for you and your family equipment design, pilot plant supervision. 

° Prefer Maryland, Delaware area. Box 20-2 

Send resume to: CHEMICAL ENGINEER—MS. Thirteen years’ 

P Ps diversified experience in process and produc- 

Send confidential resume to: tion control, assistant plant manager, proc- 

ess design, plant start-up and trouble shoot- 

MR. EUGENE C. SELLS Georce I. CopELAND, ing in chloro-alkali industry. Desire respons- 


ible position in production or development. 


: Manager of Personnel Box 21-2 
Personnel Supervisor CHEMICAL ENGINEER-—-BSChE., 1958. Age 


28, married, veteran. Chemical plant in- 
spector for insurance company. Desire a 


position as a development. production or 
THE DAYTON RUBBER CO safety engineer. Prefer New England or 
e New York location. Box 22-2. 
BUSINESS-DIRECTED CHEMICAL ENGINEER 
2342 West Riverview Ave. CORPORATION —M.Ch.E., P.E. age 33. Will trade eight 


years’ of diverse experience in research, 


220 Montgomery Street production, process development and im- 
provement, and economic evaluation for an 
Dayton, Ohio San Francisco, California opportunity in the management area. Good 


general business knowledge (special business 
courses) and strong report-writing ability. 
$10,500. Box 23-2. 
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ASSISTANT 
CHIEF ENGINEER 


For the right man, an opportunity to put 
into practice both administrative and tech- 
nical ability in supervision of large en- 
gineering projects. 


Prefer M.S8.Ch.E. Minimum of 5 years in 
administration and operations of engineer- 
ing programs. Minimum of 3 years in 
supervision of graduate engineers. 

Outstanding, rapid-growing company in 


field of solid propellants located in East 
Texas 


Send detailed resume to: 


PERSONNEL DEPARTMENT 
THIOKOL CHEMICAL CORP. 
Marshall, Texas 


PRODUCT ENGINEER 


Leading Coated Abrasives manu- 
facturer has challenging opening 
for chemical engineer or equiva- 
lent with experience in coated 
abrasives applications in furni- 
ture manufacture and/or allied 
woodworking fields. Both plant 
and field responsibilities, includ- 
ing product design and field 
sales engineering, calling on 
woodworking manufacturers and 


assisting in solution of custom- 
ers coated abrasive needs. 


$6500-$7,000 to start. Opportu- 
nity for advancement for right 


person. Reply Box No. 1-2. 


CHEMICAL ENGINEER--B ChE One and a 
half years’ experience in design, nuclear 
power plants. Box 24-2 


CHEMICAL ENGINEER~-cdesire summer em- 
ployment with small company in New York- 
New Jersey area. S.B. degree, Master of 
Science in Chemical Engineering Practice 
from M.LT., two years’ new product devel- 
opment experience with major company, and 
one years’ education at Harvard Business 
School will be at your disposal. Naturally, 
employment in June, 1961, can result from 
@ mutually satisfactory summer. Box 25-2 


CHEMICAL ENGINEER--M.SChE Pifteen 
years’ experience in petroleum refinery 
technical service, manufacturing and proc- 
ess design. Four years’ process design super- 
visor. Desire position supervising process 
design, Research and Development. Box 
26-2 


SENIOR ENGINEER-Age 45, Twenty 
diversified years’ design, project, automatic 
control, plant erection, start-up, foreign 
work, contracts on petro-chemical plants 
Seek challenging staff or consulting position. 
Northeast, north central or foreign. $15,000. 
Box 27-2 


CHEMICAL ENGINEER—BS.ChE., 1952. Age 
29, single. Experienced in process engineer- 
ing, economic studies and electronic compu- 
ter program development and use. Imagina- 
tive and capable of making decisions and 
assuming responsibility. Desire challenging 
position with growing company. Box 28-2. 


continued on page 156 
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An expanding field for your special skills . . « 


DEVELOPMENT OF ADVANCED 
PROCESS CONTROL SYSTEMS 


IBM’s newly formed Advanced Systems Development Division 
offers assignments in the development of automatic computer 
control systems and application concepts. 


A new division has been established by IBM to develop advanced 
concepts and techniques in the design and application of computer 
systems for new fields. This new division represents an interesting 
opportunity to work with newly developed technologies. The entire 
division is engineer-oriented; its sole purpose is to develop new 
systems and services to be marketed in several years by IBM. One area 
of immediate interest is the achievement of advanced systems and 
concepts for the automatic control of industrial processes of all types. 


Careers are available to engineers, scientists, and mathematicians with 
experience in the process industries: 


chemicals - petroleum - metals - utilities . paper - rubber 


Knowledge and skill is required in two or more of the following areas: 
¢ process design or operation 

e« mathematical model building 

e data handling and data processing 

e control engineering 

instrumentation 


Qualifications: Advanced degree in Science, Engineering, or Mathe- 
matics and related experience . . . plus the ability to work well with 
a wide variety of industrial personnel. To extend your present abilities, 
training in process control and computer application will be available. 


ADVANCED SYSTEMS DEVELOPMENT DIVISION 


Please write, outlining your qualifications and experience, to: 
Mr. T. E. Burns, Dept. 534N, IBM Corporation 

Advanced Systems Development Division 

Poughkeepsie, New York 


February |960 
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desirable. 
replies confidential. 
Please send resume to: 


MONSANTO 


OPERATIONS RESEARCH 


Operations Research in the Chemical Industry? 


Of course! An excellent opportunity currently exists in the Production 
Planning Department of Monsanto Chemical Company’s Organic Divi- 
sion. Position requires a working knowledge of operations research 
techniques, probability theory and mathematics through differential 
equations. Work will involve the development and implementation of 
solutions to complex business problems. 
tions reseach with several years’ experience in the chemical industry 
Salary commensurate with background and experience. All 


A Master’s degree in opera- 


Manager, Technical Employment 
CHEMICAL COMPANY 

Organic Division 

ST. LOUIS 66, MISSOURI 


SITUATIONS OPEN 


Placement Bureaus 


Challenge 
Growth Responsibility 
. NOW OFFERED BY A LEADER IN THE 

woriD OF CHEMISTRY AND ENGINEERING 
Our client — one of the nation’s distin- 
guished firms—has premium position open 
to engineers with exceptional qualifica- 
tions. Strong technical ability is a pre- 
requisite. Successful candidates will have 
persona! characteristics required to work 
effectively with management and top tech- 
nical personnel. B.S., M.S., or Ph.D. degree 
required. 

Fee and relocation expenses are paid 

for all positions by our client. Please 

write or call in confidence: 

L. D. Clancy 
Employers’ Services of New Englanc: 
21 School Street, Boston 8, Mass. 

Ri 2-1120 


PHYSICAL 
CHEMIST—PhD 


The U.S, Navy offers an ex- 
cellent position for a physi- 
cal chemist—PhD, with 
experimental ability and 
training in kinetics and ther- 
modynamics, to head a group 
studying solid rocket propel- 
lant ignition and combustion. 
The position is in the Career 
Civil Service and will be 
filled in accordance with ap- 
plicable Civil Service pro- 
cedures, 


All inquiries should be directed 
to the Employment Officer. 


NOL 


U.S. Naval Ordnance Laboratory 
White Oak 
Silver Spring, Maryland 


OPPORTUNITIES FOR 
CHEMICAL ENGINEERS 


TECHNICAL ASSISTANT 


10 
PULP MILL SUPERINTENDENT 


PRODUCTION PROCESS 
MATERIAL CONTROL 


Interesting diversified 
duties in fully integrated 
pulp and paper mill in mid- 
dle Atlantic area. Positions 
require experience in pulp 
and paper technology. Our 
company has growing pains. 
Excellent opportunities for 
advancement to responsible 
management positions. 


Send resume and salary 
required to Box 41-2. 


CHEMICAL ENGINEERS 


CHEMISTS 
B.S. to Ph.D. $5 to 25,000 
Call—Visit Us—Send 5 resumes 
SELECTIVE PLACEMENT 
EMPLOYMENT AGENCY FOR CHEMISTS 
AND CHEMICAL ENGINEERS ONLY 
17 William Street Newark, N. J. 
S. Goodman, M.Sc., C. A. Reed, Jr., M.Sc 


TECHNICAL DIRECTOR 


Chemical Engineer with adminis- 
trative ability to handle interplant 
technical correlations. Plan and di- 
rect experimental research problems 
in our East Texas plant. 


Send detailed resume to: 


PERSONNEL DEPARTMENT 
THIOKOL CHEMICAL CORP. 


Marshall, Texas 


IF YOU HAVE oa B.S. in Chemistry or Chemical Engi- 
neering and 5 of more years p 
in the chemical industry in a continuous process opera- 
tion, preferably with a supervisory background, we 
may have just the spot you are seeking in BUFFALO, 
. ¥. or Hopewell, VA. 

= INTERESTING OPPORTUNITY with GROWTH 


Uy 
CHEMICAL ~% 
PLANT 
PRODUCTION 


nag’ W. M. JOLLY, Supervisor of Personne! 


NATIONAL ANILINE DIVISION _ 


P. O. Box 831 
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EXCELLENT SALARY & 
LIBERAL BENEFIT ARRANGEMENTS 


Apply in confidence to: 


HOPEWELL, VA. 


The Dow Ch ic Western 
Division, Pittsburg, California (San 
Francisco Bay Area) has openings in 
its Engineering Department for grad- 
uate Chemical Engineers 8.S. M.S., or 
Ph.D. Current openings include: 


SENIOR PROCESS ENGINEER—Major 
work in new process design, evaluation 
and project administration. 5 to 12 
years experience in chemical process 
or refinery with substantial design re- 
sponsibility required. 


PROCESS ENGINEER-—Process design 
work of substantial scope for plant 
modification and new construction. Re- 
cent graduates with 0-3 years experi- 
ence in chemical plant or refinery de- 
sign desired 


Salary commensurate with background 
and experience. 


Send resume to: 
Ind. Relations, 
THE DOW CHEMICAL Co., 
P. O. Box 351, 
Pittsburg, California 
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SOCIETIES 


PERSONNEL SERVICE, INC. 


New York 
8 West 40th St. 


These items are listings of the Engineering 
Societies Personnel Service, inc. This Service, 


att 


Chicago 
29 East Madison St. 


San Francisco 
57 Post St. 
these listings you will pay the regular empley- 


ment fee of 5% of the first year's salary if « 
ber, of 4% if @ member. Also, thet 


which cooperates with the of 
Chemical, Civil, Electrical, ical, Mining, 
Metallurgical and Petrol Engi is ovail- 
able to all engineers, members and non-mem- 
bers, and is operated on a nonprofit basis. if 
you cre interested in any of these listings, and 
ore not registered, you may opply by letter or 
resume and mail to the office nearest your 
place of residence, with the understanding that 
shovld you secure a position as a result of 


you will agree to sign eur plocement fee agree- 
ment which will be mailed to you immediately, 
by our office, after iving your app 
In sending applications be sure to list the key 

and job number. 
When moking application for o@ position in- 
clude eight cents in stamps for forwarding 
loyer and for returning 


A weekly bulletin of engineering positions open is available at a subscription 
rate of $3.50 per quarter or $12 per annum for members, $4.50 per quarter 
or $14 per annum for non-members, payable in advance. 


Positions Available 
New York Office 


DEVELOPMENT ENGINEER, graduate physi- 
cist, electrical or chemical engineer with ex- 
tensive experience in solid state field with 
special emphasis on areas of semi-conductors, 
transistors, rectifiers, etc.. for a company which 
manufactures and designs transformers, re- 
actors, filters and windings for the electronic 
industry. Will give consideration to an appli- 
cant on a consulting basis. Agency fees, re- 
location expenses, etc. open to negotiation. Lo- 
cation, upstate N. Y ws478 


CHEMICAL ENGINEER OR PHYSICIST with 
nuclear power experience. Salary, $6000-$12,000 
a year. Location, western Pennsylvania. 
W8471(b). 


MECHANICAL OR CHEMICAL ENGINEER, 
B.S. or M.S., with a minimum of five years’ 
proven ability as a project manager. Must be 
capable of demonstrating a high degree of 
technical competence in areas related to com- 
plex industrial process design and control sys- 
tems. Will have complete project responsibility 
for development of test facilities for aircraft 
and missile systems, sub-systems and compo- 
nents. Salary open. Location, Connecticut. 
W8452(a) 


RESEARCH PROCESS ENGINEER, degree in 
chemical engineering; will consider man with 
from none to ten years’ experience, for com- 
pany manufacturing cellulose. Location, New 
Jersey Wws8416 


JUNIOR PROCESS ENGINEER, graduate 
chemical engineer, with experience, to assure 
production quality, maintain production speci- 
fications, investigate customer complaints and 
general implementing of transfer of new prod- 
ucts from research, development to production 
Company manufactures industrial plastics. Sal- 
ary. $6000-$6500 a year. Company pays place- 
ment fee. Location, Delaware. W8405. 


CHIEF ENGINEER, mechanical or chemical 
graduate, with ten years’ experience in chemi- 
cal process equipment design and application, 
i.e. liquid agitators, blenders, ball mills, pres- 
sure vessels, etc. Salary high. Location, Ohio. 
W8398. 


ENGINEERS. (b) Chemical Engineer or Ce- 
ramics Engineer, to assist head of department 
in the production, formulation and contro! of 
glazing. Will consider a recent graduate. Sal- 
ary, to $8400 a year. (c) Research and Devel- 
opment Engineer, chemica)] or mechanical grad- 
uate, to work on R & D for above processes 
Some knowledge of statistical quality controj 
methods desirable. Salary, to $8400 a year. 
Location, western Pennsylvania. W28364. 


PROCESS ENGINEER, craduate chemical, 
28-50, with a minimum of five years’ experi- 
ence in plant design and process evaluation in 


temperature processes 
Location, Mid- 


gas treating and low 
Salary, $8000-$10,000 a year 
west. W8346 


PRODUCT MANAGER, degree in mechanical 
or chemical engineering, but possibly in for- 
estry, with about five years’ experience to in- 
clude a wide acquaintance among people in 
the lumbering, saw mill and wood working 
trades. Selling experience such as with a man- 
ufacturer of equipment used by these indus- 
tries. Duties will include supervising and pro- 
graming of the promotion and sale of charcoal 
retorts. Salary open. Location, New York State 
Ww8315. 


CHEMICAL ENGINEERING SUPERVISOR, 
B.S. degree, to be responsible for production 
of various chemical] solutions, distillation of 
monomers, simplified organic chemicals and 
standard chemical mixing procedures to obtain 
uniformity and quality of processes. Respon- 
sible for production schedules. Salary, $6500- 
$7500 a year. Location, Massachusetts. W8276 


CHEMICAL ENGINEER, recent graduate. to 
work in New York for a few months training 
Will go to Peru, S. A. on development of an 
alkali project on a three-year contract. Salary 
$5400 plus housing. Knowledge of Spanish 
helpful. F8252 


CHEMICAL ENGINEERS, ‘a) Junior Chemi- 
cal Project Engineers, craduates, to assist in 
economic analysis of chemical processes; cal- 
culate material and energy balances; assist in 
preparation of flow sheets, etc. Salary, to 
$7000 a year. (b) Chemical Project Engineers. 
graduates, with five to eight years’ experience, 
to perform process design engineering involv- 
ing economic analysis of processes, material 
and energy balance calculations, preparation 
of flow sheets, sizing and selection of equip- 
ment for engineering and construction of heavy 
chemical plants. Salary, to $10,000 a year. 
(c) Research and Development Engineers, grad- 
uate chemical engineers, with five to eight 
years’ experience in process development, prob- 
lems. Will develop modifications of company 
processes and design test equipment; carry out 
planned research and development programs 
etc. Salary, to $10,000 a year. Submit detailed 
resumes including current earnings and salary 
requirements. Company pays placement fees 
Location, New York City. W8232 


CHEMISTS OR CHEMICAL ENGINEERS. 
eraduates. (a) One for research and develop- 
ment work in building paper, mineral wool 
field, to 45; with four to five years’ direct ex- 
perience in building paper, mineral woo! fields: 
knowledge of glass fibers helpful. Will do re- 
search and development of new products; cus- 
tomer contact to introduce new products and/- 
or develop solutions to special problems. Salary. 
about $10,000 a year. Some travel. (b) One for 
Research and Development work on asphalt 
roofing and siding, with two to three years’ 
experience in asphalt field with building ma- 
terials or oil refining industry. Will work as 
assistant on research and development pro)- 


ects relating to asphalt roofing and siding. 
Salary, to $7000 a year. Location, New Jersey 
suburban area. W8230. 


CHEMICAL ENGINEERS, gcraduates, with 
about seven years’ experience in petroleum 
refining industry, with good backgrounds in 
petroleum refining technology and economics, 
for laboratory which provides technical and 
professional services to petroleum refiners. Lo- 
cation, Midwest. W8225. 


San Francisco Office 


PRODUCTION ENGINEER, chemical or me- 
chanical graduate, with five to ten years’ ex- 
perience in phosphoric and ammo-phosphate 
production. Must have knowledge of process, 
design and operation of phosphoric and ammo- 
phosphates. Salary open. Location, central Cal- 
ifornia. 8j-5000. 


CHEMICAL ENGINEER, graduate, with four 
to five years’ experience in propellants and ex- 
plosives, with knowledge of electro-mechanical 
ballistic development. Must have security clear- 
ance. Will take charge of loading facilities 
testing of explosive devices, load determina- 
tions, test instrumentation. Salary, %$8000- 
$12,000 a year up, depending upon experience 
Location, San Francisco Peninsula. 8)-4988. 


CHEMICAL ENGINEER, graduate, with good 
academic record. Previous experience should 
include process design and plant layout work 
Will start on process design, equipment layout 
cost estimate studies for dust collecting sys- 
tem. Experience in dust collection not needed, 
but must be able to calculate pressure drop in 
ducts, calculate fan hp and volume require- 
ments; will advance to general process work 
Salary, $6000-$7200 a year depending upon ex- 
perience. Apply by letter with transcript of 
college record. Location, San Francisco East 
Bay. 8j-4960 


SALES TRAINEE, graduate chemical, me- 
chanical or electrical, either a recent graduate 
or with one to two years’ working experience, 
with aptitude, desire and qualifications to enter 
into an industria] instrumentation sales train- 
ing program involving process control and data 
handling instrument and equipment (tempera- 
ture, pressure, flow, level), direct reading, re- 
cording, actuating or control of the electrical 
mechanical, hydraulic or electronic type. For 
a branch office of national manufacturer. Two 
to six months training in Pennsylvania. Salary 
$6000-$6600 a year and company car, profit 
sharing, expenses. San Francisco headquarters 
Must be willing to accept promotional! transfer 
to other West Coast office. 8)j-4975. 


TECHNICAL SUPERVISOR, graduate chem!- 
cal engineer or chemist, young, qualified by 
academic training or experience to engage in 
production activities in the paper industry 
(print paper, foil, laminates); develop new 
ways, techniques, products and survey altered 
process, lab developments, plant production 
and assist sales department, provide liaison 
with laboratory, investigate client complaints 
and production controls. All at assistant level 
For a manufacturer. Salary, $6840 a year to 
Location, San Francisco East Bay. 8)- 
973. 


PRODUCTION SUPERVISOR, craduate chem- 
ical, with from none to five years’ experience, 
good academic background, able to supervise, 
with experience in this area, if experienced. 
Involves shift work, operating around the clock, 
plant production. Salary, $6000-87200 a year 
depending upon experience. Apply by letter 
with transcript of college record. Location, San 
Prancisco East Bay. 8)-4961 


SALES ENGINEER, chemical, electrical or 
mechanical] graduate, 29-35, with a minimum 
of five years’ sales or process plant experience 
to provide technical] assistance to clients and 
promote sale of instrumentation § (electric, 
pneumatic or mechanical); provide for control 
actuators, direct reading or recording instru- 
mentation for temperature, pressure, rate of 
flow, etc., in process plants. For a manufac- 
turer's district office. Salary, about $7200 a 
year plus company car and fringe benefits 
San Francisco or Los Angeles headquarters. 
8)-4920 


RESEARCH AND DEVELOPMENT ENGI. 
NEER, graduate chemical engineer or chemist, 
either a recent graduate or with a few years 
experience, to assist head of research depart- 
ment in making extensive and detailed reports 
on all phases of sugar processing and usage. 
Salary, $5700 a year for a recent graduate; 
better salary for experienced man. Location, 
Sacramento Valley, Cal. 8)-4906 
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GENERAL MANAGER 


CHEMICAL ENGINEER—Ph.d. or M.S. in Organic Chemistry. 
Must have broad experience in organic chemical manufacturing 
—diversified. Some experience in fine chemicals, industrial inter- 


Broad administrative experience essential as General Manager 
will be responsible for all operations of the subsidiary company 


and development of new product lines. The parent company 
is an old, well established organization. 


3 mediates and salicylates. 


Suburban location near large Metropolitan area Northeast. High 


= 

| salary with excellent fringe benefits, including stock options. 

3 = Dr. J. W. Hodgins, Chairman, 

2 = Department of Chemica! Engineering, 
= BOX 5-2 = McMaster University 

= = Hamilton, Ontarie 


| Chemical or Mechanical 
| ENGINEERS 


Te train for production supervision, 
plant trouble-shooting and process en- 
gineering. Positions open at various 
operating locations 

Please send resume in confidence giv- 
ing education, experience and approxi- 
mate salary to Central Personne! Office, 


Solvay Process Division, Allied Chemical 
Corporation, P. O. Box 271, Syracuse 1, 
New York 


Major Company ts developing an ex- 


tensive diversification program calling 
for a wide variety of top-level talent 
as follows 

1. Chemical or petroleum refining 
Process design, project develop- 
ment and or operation. 

2. Air separation plant design and 
operation or related cryogenic ex- 
perience. 

3. Mydrocarbon extraction design or 
operation experience. 

4. Engineering Economic evaluation. 
Prefer minimum of five years’ experi- 
ence applicable to any one or combina- 
tion of above 
Address replies with full resume in 

lete confid to: BOX 2-2 


engineers— 


CHEMICAL ENGINEER for testing and evalu- 
ating variety of processes for manufacture 
of inorganic and organic chemicals. Require 
10 year's broad related experience. Wood 
pulping helpful. Exceptional future. Salary 


$12,000. Pacific Northwest. Box 4-2. 


| 


Classified... 


CHEMICAL ENGINEERING APPOINTMENT: 
McMASTER UNIVERSITY 


The Department of Chemical Engineering 
solicits applications for a staff position in 
a new school with a stimulating research 
environment. 

Facilities include: new research labora- 
tories, @ one-megawatt nuclear reactor, 
digital computer, and an extensive stock of 
research instruments and devices 


Duties of the position: lecturing in trans- 
fer operations at undergraduate and grad- 
uate level, supervision of undergraduate 
design projects, and direction of graduate 
research. 

Qualifications and rank: The candidate 
should have a doctorate in chemical en- 
gineering and experience in lecturing and 
in research direction. Initial appointment 
at the rank of associate professor is con- ’ 
templated. Enquiries and the names of 
three references should be addressed to: 


EQUIPMENT SECTION 


USED 
MACHINERY 


SURPLUS 
EQUIPMENT, 
MATERIALS 


* Get in touch with 
Advertisers directly. 


for space in this Department 


Address: Advertising Department 
Chemical Engineering Progress 


25 West 45 Street 
New York 36, New York 


ASSISTANT PLANT MANAGER. For small 
ultra modern food processing plant in New 
Orleans area. Must be graduate Chemical 
Engineer with minimum of three years pro- 

Excellent opportunity 

for advancement in a new, challenging in- 

dustry with a well established firm. Address 
replies, stating qualifications and salary re- 
quirements to P. O. Box 26398 New Orleans 


duction experience 


26, La 


COlumbus 5-7330 


® Advertisers: Ask for special rates 


FIRST CLASS EQUIPMENT 
FROM YOUR FIRST SOURCE 


Baker Perkins Dbl Arm Jacketed 
Mixers to 300 Gal. 

NEW Falcon Ribbon Blenders 
Nickel Clad Reactors 7 x 11’6” 
Jacketed and Agitated 

Struthers Wells S/S Reactors 2000 
Gal. Jktd. and Agitated 

2 Feinc Dtring Type Rot. Vac. Fil- { 
ters; 6’ x 6 & 8 x 10’; SS 

Pebble Mills up to 8 x 8’ 

F-B 2 Roll Rubber Mills, 14” x 
30”; 18” x 42”; 22” x 60”; f 
Truck Dryers; 30’ and 100’ 

Bird Cont. Hor. Centrifuges, 18” 
& 24”; S/S and Monel. 

Stokes Aut. Molding Presses No. 
252; 150 Ton & 300 Ton 

Oliver Pressure Precoat Rot. Vac- 


ADDITIONAL RECRUITMENT 
ADVERTISEMENTS 


pages 102-103. 


See additional display advertisements on 


uum Filters; 8’ x 8’; 8’ x 10’ 
LIQUIDATION: Complete Plant 
for Foam Latex in Buffalo Send 


$3,000,000 LIQUIDATION 


CHEMICAL PLANT—Orange, Texas. Type 
316 stainless steel reactors, tanks, heat 


| exchangers, columns, pumps, crystallizers, 


etc. 
Send For List 


PERRY EQUIPMENT CORP. 


1427 N. 6th St. Phila. 22, Pa. 
POplar 3-3505 


for Bulletin NOW! 


FIRST MACHINERY CORP. 


209-289 TENTH STREET 
BROOKLYN 15, NEW YORK 
STerling 8-4672 
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Improve your plant picture 


GELB 


CHEMICAL PROCESS EQUIPMENT 


1—17,850 gal. stain steel storage tank, 9 x 36’ x %” 
material throughout 

1—York Shipley 175 HP packaze steam generator, 150 psi 

2—Stokes Model 138J-20 single door vacuum shelf dryers, 
29 shelves, complete 

2—Sturtevant #7 SS dust type rotary batch blenders, new 


AUTOCLAVES KETTLES AND REACTORS 


|—Stee!l and Alloy Tank Co. 100 gal. type 347 SS pressure tank, 250 psi jacket 

1—Blaw Knox 400 gal. steel jacketed autoclave, 570% internal pressure, 85 
jacket 

i—Blaw Knox 45 gal. jacketed autoclave, pressure 

2—Pfaulder 200 gal. glass lined reactors with impeller type agitators and 
drives 

1—Pfauider 50 gal. glass liner jacketed reactor complete with agitator and 
drive 

|—Edgemoor type 316 SS 750 jacketed reactor 

i—Struthers Wells 500 gal. nickel jacketed reactor 

i—Patterson-Kelley 6000 gal. steel jacketed reactor, 407 jacket, complete 
with agitator and drive 

i—Patterson 2000 gal. steel! jacketed reactor 

2—Haveg 300 gal. pressure vessels, complete with agitators and drives 

28—30,000 gal. steel vertical storage tanks 


DRYERS 


i—Link Belt stee! roto louver dryer, Mode! 1003-30 
3—Link Belt steel roto louver dryers, Mode! 207-10, 310-16, 604-20 
i—Stokes Model 59DS steel rotary vacuum dryer, 5° x 30° 
i—Buflovak SS rotary vacuum dryer, 3’ x 15° 

1—Stokes double drum dryer, 5° x 12’ 

i—Louisville rotary steam tube dryer, x 45° 
2—Lowisville rotary dryers, 8’ x 50°. S 

i—Louisville SS rotary kiln, x 28° complete 
I—Louisville rotary dryer, 38" x 40°, Type L 

i—Traylor 4° « 40° rotary dryer 

i—Rotary dryer 6° x 36 


FILTERS 


3—Dorrco rubber covered filters, 6° x 2’ 

1—Sweetiand 23 stainless steel filter 

12—Sweetiand 212 filter with 72 SS leaves 

|—Niagara SS filter, Mode! 510-28 

i—Oliver horizontal filter, 3' 

1—Oliver type 316 SS precoat filter, 3° x 4 

i—Oliver SS pressure precoat filter, 5'3"' x 
10—Shriver plate and frame filter presses, 12" x 42" 

i—Shriver aluminum 30° «x 30° P & F filter press, 30 chambers 
1—Shriver C. |. plate and frame filter press, 36" x 36" closed deliver, 4 eye, 
60 chambers 
1—Shriver rubber lined filter press, x 36" 


CENTRIFUGES 


i—Tolhurst SS 20° suspended type centrifuge with perforated basket, com- 
plete with plow and motor 

1—AT&M 26" suspended type centrifuge with SS perforated basket, com- 
plete with plow and motor 

I—AT&M 48" SS suspended type centrifuge, complete with plow, motor and 
imperforated basket 

I—Bird type 316 SS centrifuge, x 50 

4—Tolhurst center slung rubber covered centrifuges with perforated baskets 
and motors 

2—Fietcher 40°' center slung rubber covered centrifuges with perforated 
baskets and motors 

1—AT&M 40" SS suspended type centrifuge complete with motor, perfo- 
rated basket and plow 


THE GELB GIRL—FEBRUARY 1960 


MIXERS 


15—Robinson type 304 S$ horizontal bienders, 225 cu. ft 

3—Robinson type 3/6 SS sigma blade jacketed heavy duty mixer, 400 gal. 

i—Baker Perkins Size 16, Type UUEM, 150 gal. jacketed double arm disper- 
sion type mixer, complete with compression cover and 100 HP motor 

pug mixer, type SS 

|—Patterson type 347 SS jacketed vacuum sigma kneader master, 500 gal. 


MISCELLANEOUS 


i—Cleaver Brooks 500 HP package steam generator, 2002 

2—Cleaver Brooks package steam generators, 50 and 60 HP, 125 

2—Heat Transfer Products steel! bubble cap columns, 36" and 42", with 5 
and 10 trays 

i—Acme steel bubble cap column, 42" dia. with 10 foe 

i—Badger type 316 SS bubble cap column, 42° dia. with I! trays 

|--Badger type 316 SS bubble cap column, 36" dia. with 8 trays 

i—Vulcan bubble cap column, « 28 plates 

2—Patterson Kelley stee! heat i. ers, 1000 sq. ff. each 

6—Struthers Wells heat exchangers, 885 sq. ft 

|—Patterson Kelley steel heat exchangers, 427 sq. ft 

50—Stee! heat exchangers from 15 sq. ff. to 400 sq 

9—Davis SS heat qnakenaen, 145 sq. ft. (NEW) 

i—Struthers Wells type 3146 SS heat exchanger 

i—Condenser Service type 316 SS heat exchanger, 

3—Badger type 316 SS heat exchangers, 500 sq. ft. and 600 sq. ft 

3—Robins shaker screens, SS, 3° « 6 

I—Swenson type 316 SS vacuum crystallizer, 3°6" x 12’ 

|—Swenson type 3/6 SS vacuum crystallizer, 7212 

1—Blaw Knox steel distillation column, 36" 40" with 24 trays (NEW) 

3—Williams type 3/6 SS hammermills, Model AK 

1—Swenson pilot plant spray dryer 

i—Western Precipitation Corp. stainiess steel spray dryer, Type N-2, Size 


4-25-E 
1—Sprout Waldron Model 50!-D pelleter 
i—Ross 6" «x 14", 3 roll paint mill, complete 


1—Downington type 316 SS heat exchanger, 750 sq. ft. 

6—17,850 gal. steel all welded storage tanks, %” material 
throughout 

2—Sweco 48” SS separators, Model D-20-8 

5—Stokes Model T and R tablet presses 


G E LB & SONS, INC. 


S. HIGHWAY 22, UNION, N. 
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improvement or design. 


held in strict confidence. 


As a member of the central process improvement staff he will 
work on design of experiments, kinetics, process simulation 
and automatic process control. Must have independently dem- 
onstrated interest in applied mathematics. 


Please submit detailed resume and salary desired. All replies 


Box CEP 908, 125 W. 41 St., N. Y. 36 


PROCESS IMPROVEMENT ENGINEER 


This well-known and highly respected chemical company with 
heaquarters in metropolitan New York seeks an M.S. or Ph.D. 
with 2-5 years experience in chemical process development, 


struction industry. 


CHEMICAL PROCESS ENGINEERS 


ATOMIC ENERGY CHEMICAL PETRO-CHEMICAL 


Positions available in our Los Angeles office for capable men with 3-10 years’ 
experience in chemical, petro-chemical or atomic energy plant design includ- 
ing the fields of polyolefins, rubber plants, and other organic chemicals. 
These positions lead to opportunities in all phases of the engineering con- 


Send complete resume in confidence to Employment Representative 


2500 SO. ATLANTIC BLVD. 
LOS ANGELES 22, CALIF. 


FLUOR CORP. 


CHEMICAL ENGINEERING 
TEACHING POSITIONS 
AVAILABLE 
A list of chemical engineering teach- 
ing positions in schools and universi- 
ties in the United States and Canada 
on Feb. 20, 1960 may be obtained from 
the Secretary, A.I.Ch.E., 25 West 45th 
Street, New York. Salary data and rank 

of position are given. 


SITUATIONS WANTED 
A.|.Ch.E. Members 


(continued from page 151) 


MANUFACTURING 


MANAGER -Experienced 
in petroleum refining, oils, greases, dyes, 
paints, textile products. Managed produc- 
tion maintenance, boiler pliant operations, 
equipment installation and start-up. Proven 
accomplishments in plant layout, cost reduc- 
tion, union contract negotiations, produc- 
‘ton and inventory control, methods improve- 
nent, handling personnel. B.8S.Ch.E., M.S.- 
LE. Age 41, metropolitan New Jersey. Box 
29-2 


CHEMICAL ENGINEER -BS. Experience: three 
years’ physical test laboratory, five years’ 
est engineer spray dryer manufacturer, 
‘ight years’ plant engineer inorganic chem- 


cal plant. Solved production problems in 
pumping, mixing, filtering, heat transfer, 
air handling, scrubbing, revamping equip- 


nent and maintenance. Box 30-2 


CHEMICAL ENGINEER-—B.ChE, MS.ChE 
51x years’ experience in process development 
and design. Desire responsible position 
in production or process engineering with 
chemical manufacturer. Free and willing to 
relocate even abroad. Fluent Italian. Box 
31-2 

PROCESS ENGINEER-—B.Ch.E. 1954, imagina- 
tive and intelligent, seek responsible and 
challenging position in process design or 
process development. Five years’ experience 
in development, project engineering and proc- 
ess design in low temperature gas separa- 

tion, Present salary $8,900. Box 32-2 
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CHEMICAL ENGINEER—-Fight years’ petrole- 
um process control and research. Supervisor. 
Versatile. Understand actual plant opera- 
tions and management functions as well as 
higher mathematics, economics, statistics, 
and computer applications. Box 33-2 


PLASTICS ENGINEER Eleven years’ experi- 
ence in project and process engineering, 
equipment development, trouble - shooting, 
compounding Application of plastisols. 
epoxies, acrylics, other plastics to consumer 
products. Prefer North Jersey area. Box 34-2 


CHEMICAL ENGINEER, M.S.—-Seek superviso- 
ry or administrative position with manage- 
ment potential. Ten years’ experience in pilot 
plant development, liaison between R & D 
and manufacturing, plant start-up and proc- 
ess improvement. Knowledge batch and con- 
tinuous processes in petroleum, pharmaceu- 
tical and food fields. Patent applications 
Present salary above $10,000/yr. Veteran, 
age 33, married. Box 35-2 


CHEMICAL ENGINEER—BSChE., twelve 
years’ experience in process design, process 
development and some production in organic 
and inorganic chemicals. Supervisory experi- 
ence. Desire responsible position in R & D 
or plant engineering. Southwest preferred 
Salary $12,500. Box 36-2 


CHEMICAL ENGINEER—Seek sales position 
Twelve years’ sales and nine years’ engi- 
neering experience. Expert salt water distil- 
lation plants. Background of oil refinery op- 
eration and hydrocarbon distillation devel- 
opment. Box 37-2 


EXECUTIVE ENGINEER-—D. Eng. Sc.'42. Ex- 
pert in development, management, process 
and equipment design; facilities planning 
for chemicals, drugs, foods and petrochem- 
icals:—domestic and foreign. Budget plan- 
ning, project appraisal, economic sutides; 
cost reductions, quality improvements. Reg- 
istered P.E., Tau Beta Pi; N. Y¥. C. will 
relocate. Box 38-2 


A Preprint of ali SITUATIONS WANTED 
notices is mailed directly monthly to thou- 
sands of personnel and recruitment officers 


nationally. 


Rate to mpioyment Dwector 


RATES 
Classified Section are 


CLASSIFIED SECTION 


Advertisements in the 
payable in advance at 
minimum of four lines 
ber counts as two words 
average about six words a line 


24c a word, with a 
accepted. Box num- 
Advertisements 
Members of 


the American Institute of Chemical Engineers 


in good standing are allowed two six-line 


Situation Wanted insertions (about 36 words 


each), free of charge a year. Members may 
enter more than two insertions at half rates. 
Prospective employers and employees in using 
the Classified Section generally agree that all 


communications should be acknowledged as 
a@ matter of courtesy but recognize circum- 
stances where secrecy must be maintained 


Answers to adverisements should be addressed 
to the box number. Classified Section 
Chemical Engineering Progress, 25 West 
45th Street, New York 36, N. Y¥. Telephone 
COlumbus 5-7330. Advertisements for this 
section should be in the editorial offices the 
15th of the month preceding publication. 


Now available 


CHEMICAL 
ENGINEERING 


FACULTIES 


. .. including Placement Officers, 
Advisors of A.I.Ch.E. student 
chapters 
8th EDITION, Edited by Kenneth 
A. Kobe, Projessor of Chemical 
Engineering, University of Texas, 
prepared by Chemical Engineer- 
ing Projects Committee of the 
Includes Chemical Engineering 
Faculties for U. S. and Canada 
for 1958-1959. 135 schools, 62 
pages, mimeo’d. Names of schools, 
addresses, accreditation informa- 
tion, A.I.Ch.E. student chapters, 
advisors or counselors, placement 
officers, ete. 
$3.00 postpaid. 

Send check to: 

Executive Secretary 


American Institute of 
Chemical Engineers 

25 West 45 Street 

New York 36, N. Y. 
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Adv. Sales Mgr., Donald J. Stroop, 
Dist Megr., Robert S. Bugbee, Dist. 
Mer., 25 W. 45th St., COlumbus 
5-7330. 

Philadelphia 2—Lee W. Swift, Jr., Dist. 
Megr., 1207 Broad-Locust Bidg. 
PEnnypacker 5-5560. 

Chicago 4—Martin J. Crowley, Jr., 
Dist. Mgr., Robert Kliesch, Dist. 
Megr., 53 West Jackson Bivd., Room 
504, HArrison 7-3760. 

Cleveland 15—Harry L. Gebauer, Dist. 
Megr., 1501 Euclid Ave., SUperior 
1-3315. 

Pasadena 1, Calif.—Richard P. McKey, 
Dist. Megr., 465 Converse Place, 
MUrray 1-0685. 

Dallas 18—Richard E. Hoierman, Dist. 
Mer., 9006 Capri Drive, Diamond 
8-1229. 

Birmingham 9, Ala.—fFred W. Smith, 
Dist. Mgr. 1201 Forest View Lane, 
Vesthaven, TRemont 1-5762. 
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For more information, circle No. 25 


Exclusive pressurized rings... 
make a perfect metal-to-metal 
“wedding” for leak-proofing joints with 
pressures up to 20,000 Ibs. p.s.i. 
and temperatures over 1000° F.. 
any joint, any shape, any size. 


Heavy Duty Re-Usable GASEALS Assure 
er, More Efficient Static Joint Seals for 
MISSILES @ AVIATION @ HYDRAULIC & 
PNEUMATIC SYSTEMS @ DIESEL POWER 
MINING DRILLING & REFINING 
wherever high and temperatures 
fight ordinary sealing methods. 


Write or coll teday for GHS Goseal Bulletin No. 160WH 


GENERAL HERMETIC SEALING cone 

' 99 E. HAWTHORNE AVE. 
VALLEY STREAM, L.1., 
VAliey Stream 5-6363 


GASEALS @ HERMETIC SEALING SERVICES @ MEGPOTS 
TOGGLE SWITCHES @ ELECTRONIC SUBSYSTEMS 


HowTo Get Things Done 
Better And Faster 


BOARDMASTER VISUAL CONTROL 


vy Gives Graphic Picture—Saves Time, Saves 
Money, Prevents Errors 

vy Simple to Operate—Type or Write on 
Cards, Snap in Grooves 

vy Ideal for Production, Traffic, 
Scheduling, Sales, Etc. 

vy Made of Metal, Compact and Attractive. 
Over 500,000 in Use 


Inventory, 


Full price $4950 with cards 
24-PAGE BOOKLET NO. BE-20 


Write for Your Copy Today 


GRAPHIC SYSTEMS 


Yanceyville, North Carolina 
For more information, circle No. 80 
February |960 157 
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When you’re choosing 
a protective coating... 
HOW HOT IS 

1 YOUR HOT? 


~------—" 


anes a= 


AA Nose Cone Gets Hot 


When conventional organic 
finishes were used in Chrysler 
Redstone Missile tests, they 
ignited and disintegrated 
under simulated re-entry con- 
ditions. Sicon survived because 
it possessed the inherent heat 
resistance to meet perform- 
ance requirements. This has 
been confirmed in large scale 
- tests and actual missile firings. 


A Truck Heater Gets Hot 


A porcelain type 


coating used on a 
=. 


truck heater failed 
because it could not 
stand the thermal 
shock of rapid heat- 
ing and cooling. The 
same — 550°-600°F.) and cooling 
left Sicon’s film integrity unaffected. 


A Tractor Engine Gets Hot 


A farm equipment 
manufacturer used 
a bright organic red 
color on their stand- 
ard equipment. The 
coating on the en- 
gine parts, which 
were subjected to 
high temperature, 
uickly decomposed. Midland engineers 
eveloped a matching bright Sicon Red 
which retained its color and gloss and 
protected the hot spots on the engine. 


How HOT is your HOT? 


Sicon possesses the flexibility of ordinary 
organic finishes and the heat resistance 
of ceramic coatings—up to 1000°F. in 
black or Aluminum; up to 550°-600°F. in 
decorative colors. Upon inquiry a sample 
Sicon formulation for testing your “‘hot”’ 
requirements will be prepared at no ob- 
ligation. Send details of your “hot spot” 
problem today to Dept. 20-B. 


HEAT RESISTANT FINISH 
A Silicone Product of 


MIDLAND 


INDUSTRIAL FINISHES COMPANY 
WAUKEGAN - ILLINOIS 


For more information, circle No. 10 
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News and Notes 


of A.I.Ch.E 


| New chairmen—At the Fall meetings of 
Council one of the orders of business 
is careful deliberation on the chairmen 
of the Institute’s committees. As mem- 
bers know, these are always reported 
in the Directory or the Supplement to 
the Directory. For those who do not 
request copies of this from the Secre- 
tarv’s office, we list here the chairmen 
of the Institute’s committees for 1960: 
R. F. Shaffer, Admissions; W. B. 
Franklin, Awards; T. J. Walsh, Career 
Guidance; M. W. Bredekamp, Chem- 
ical Engineering Education Projects; 
H. F. Nolting, Constitution and By- 
laws; C. C. Monrad, Education and 
Accreditation; R. L. Jacks, Equipment 
Testing Procedures; W. M. Carlson, 
Machine Computation; Irving Leib- 
son, Membership; W. L. Faith, Pollu- 
tion Control Engineering; L. S$. Coon- 
ley, Professional Development; B. B. 
Kuist, Professional Legislation; Nor- 
man Morash, Program; E. R. Smoley, 
Publication; C. W. Swartout, Public 
Relations; K. H. Hachmuth, Research; 
J. J. Healy, Jr., Sections Activities; J. 
C. Lawrence, Standards; C. E. Huck- 
aba, Student Chapters; and D. O. 
Myatt, Symbols and Nomenclature. 


Membership —results—South Texas, 
under the membership direction of H. 
A. Holcomb, ended this year with the 
largest number of new applications 
credited to anv Local Section. The 
Philade|phia-Wilmington group, which 
has been a constant winner in the 
number of applications submitted 
every year, dropped ten behind Hol- 
comb in South Texas in 1959. As far 
as results for the vear are concerned, 
despite a bad beginning in the first 
part of 1959 due to the economic dip 
in 1958, the Institute managed to fin- 
ish with as many new applications for 
membership in 1959 as it had for the 
vear 1958. The last three months 
finished particularly strong, which 
made up for fewer graduates. How- 
ever, we came quite a bit short of 
1957, which was a record year in the 
Institute for total applications re- 
ceived. 

Under the dynamic leadership of 
Irv Leibson, who is chairman of the 
Membership Committee, we expect in 
1960 to better our previous records. 
The results for the first fifteen days 
encourage this hope. 

Any member willing to help in 


membership development need only 
to get in touch with Irv at Humble 
Oil & Refining Company, Baytown, 
Texas, for an iron-bound contract to 
canvass his area. 

Irv has the Membership Committee 
organized into an Industrial Division 
and an Educational Division; thus 
in membership work there is an active 
group behind the individual worker 
interested in expanding the member- 
ship of A.L.Ch.E., an expansion which 
is very necessary if the society is to 
maintain its position as the represen- 
tative of the chemical engineering 
profession. The committee is com- 
posed of a representative from each 
Local Section who heads a local mem- 
bership committee which theoretically 
has a membership representative for 
every plant, laboratory, and educa- 
tional facility in the Local Section 
area. In addition to that, the Educa- 
tional Division of the membership 
group has on its roster all the 
A.LCh.E. Student Chapter Counselors 
in the country, headed by Joe Koffolt, 
who for vears has held a record 
that every member of his senior class 
has voluntarily applied for A.I.Ch.E. 
membership upon graduation. 

There is a membership manual, and 
Irv will send it to anv member who 
wants to know more about A.I.Ch.E.’s 
membership activities. He is asking 
each member of A.LCh.E. to help 
achieve a record vear in 1960. 


A kudo—The Secretary has known 
for many vears that the chemical en- 
gineers on convention are desirable 
house guests for anv hotel; however, 
it is not verv often that we have direct 
confirmation of this from outside 


sources. Joel Henry, Assistant Secre- 
tary, who is in charge of meetings, 
received from the Sheraton-Palace in 
San Francisco the information that 
the “American Institute of Chemical 
Engineers was by far one of the neat- 
est “and most congenial groups” that 
the hotel has ever had. 


F.J.V.A. 
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FACILITIES 
OPERATION 


EXPERIENCED HEADS 
wear Parsons hats 


The Ralph M. Parsons Company offers 
engineering services of the highest 
professional standards — from basic 
economic and process studies through 
the construction and start-up of facilities. 
Improved materials handling methods 
and advanced processing techniques 
have established Parsons as a leader in 
the design and construction of petroleum 
and chemical plants. In fact, since 

SN 1952, Parsons has been involved 
»N in building more than 80% 

of the world’s capacity 

m\ for sulfur recovery from 

H,S gas — proof that 
experienced heads 


wear Parsons hats. 


ENGINEERS CONSTRUCTORS 
LOS ANGELES 


PETROLEUM AND CONSTRUCTION ARCHITECT- ELECTRONICS EVALUATION AND 
CHEMICAL ENGINEERING DEVELOPMENT ECONOMICS 
ENGINEERING AND SYSTEMS 


For more information, turn to Data Service card, circle No. 133 


| 
= 
at 
| THE RALPH M. PARSONS COMPANY | 2: 
® WASHINGTON 
Cams 
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If you want to cut fluid mixing costs 
look inside the tank 


You can make some of your biggest cost reductions 
inside the tank, when you select a mechanical mixer 
for fluids. 

These are /ong-term savings—based on low-cost main- 
tenance, trouble-free service, adaptability to changes in 
your process, minimum spare-part requirements. 


i 


These are the areas where you can really save money 
on fluid mixing. And here are some in-the-tank reasons 
why you can do it better with LIGHTNIN Mixers than 
with any other make. For lowest-cost fluid mixing, see 
your LIGHTNIN representative soon. He’s listed in 
Chemical Engineering Catalog. Or write us direct. 


ALLOY 
REQUIRED 


Save 6 ways with these Lightnin st. 
CARBON 


STEEL. 


FOR P20CESS _ 


1. Get lower-cost installation, upkeep with 
two-piece shaft. Standard on open-tank units 
(available with closed-tank units, too), 
lower section is alloy required for process; 
upper section can be inexpensive carbon 
steel. Rigid coupling has rabbeted joint as- 
suring accurate alignment. 


2. You get twice the strength of conven- 
tional shaft couplings with LIGHTNIN deep- 
welded coupling (A). Not one of these 
couplings has ever failed in service. Polar- 
ized light shows how machined and pol- 
ished radius eliminates stress concentration 
found in conventional coupling (B). 


4. Save time positioning impellers. Stand- 


ard 18-inch shaft keyway (A) provides 
seven positions (more if you want)—saves 
you cost of special machining. Also note 
shallow extra keyway (B) for impeller hub 
setscrew (C). It permits impeller to slide 
freely, even if shaft is burred. 


5. Cut impeller replacement cost with 
LIGHTNIN all-bolted design. Replace blades 
without buying a whole new impeller. 
Blades come off to pass small openings; or 
impeller can be supplied split, as shown. 
Same disc takes 4, 5, 6, or 8 blades for easy 
change in power input. 


and impeller refinements 


WHAT MIXING OPERATIONS 
ARE IMPORTANT TO YOU? 
You'll find a wealth of infor- 
mation on fivid mixing in 
these helpful bulletins de- 
scribing LIGHTNIN Mixers: 


(CD Top or bottom entering; tur- 
bine, paddle, and propeller 
types: 1 to 500 HP (B-102) 

(J Top entering; propeller 
types: “%4 to 3 HP (B-103) 

CD) Portable: Ys to 3 HP (B-108) 

(CD Confidential data sheet for 
figuring your mixer require- 
ments (B-107) 


(CD Side entering: 1 to 25 HP 
(B-104) 

Laboratory and small-batch 
production types (B-1 12) 

(C Condensed catalog showing 
all types (B-109) 

(1 Quick-change rotary me- 
chanical seals for pressure 
and vacuum mixing (B-111) 


Check, clip and mail with your name, title, company address to: 


MIXING EQUIPMENT Co., Inc., 199-6 Mt. Read Bivd., Rochester 3, N.Y. 
In Canada: Greey Mixing Equipment, Ltd., 100 Miranda Ave., Toronto 19, Ont. 


For more information, turn to Data Service card, circle No. 47 


3. No n to disturb gearing if you ever 
want to replace a LIGHTNIN shaft. Lower 
shaft is unbolted at (A). Upper shaft slides 
out of hollow reducer quill* (B). Gears 
remain untouched—cannot get out of line. 
When new shaft is installed, shaft align- 
ment is automatic. *Patented 


6. Get the right impeller for your needs. 
You can handle practically any fluid mixing 
requirement with a standard LIGHTNIN 
impeller. But for special jobs, you can get 
LIGHTNIN impellers made to specification in 
all machinable materials and with widest 
choice of coverings. 


Lightoin 
NMixers- 


MIXCO fluid mixing specialists ae 


7 

| 
| 
| 
: | 
| 
| 
| 
a 
| 


| 


